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The Turkish Journal of Neurology is the periodical publication of the Turkish 
Neurological Society, which is published quarterly (March, June, September, 
December).
As of 2022, the Turkish Journal of Neurology will not accept case reports. 
Reports on cases that are rare, differ in diagnosis and treatment, add new 
ones to our existing knowledge and contribute to them, will be included in the 
evaluation process only if they are prepared in the format of “Clinical View” or 
“Letter to the Editor”.
The Journal’s publication languages are Turkish and English. Manuscripts in 
Turkish should comply with the Turkish Dictionary and Spelling Dictionary of 
Turkish Language Association (http://tdk.org.tr). 
Anatomic terminology should be based on Latin nomenclature. Medical terms 
that have established use in everyday medical language should be written as 
they are read in accordance with Turkish spelling rules. Quotation marks should 
be used for terms written in English or other foreign languages.
Turkish Journal of Neurology is indexed in Web of Science; Emerging 
Sources Citation Index (ESCI), Directory of Open Access Journals (DOAJ), 
Embase, Chemical Abstracts Service (CAS), Index Copernicus, EBSCO Host 
Research Databases, CINAHL Complete, Scopus, ProQuest, Gale/Cengage 
Learning, British Library, Tübitak/Ulakbim TR Dizin, J-Gate, IdealOnline, 
Turkey Citation Index, Türk Medline, Hinari, GOALI, ARDI, OARE, AGORA.
The Turkish Journal of Neurology does not charge any fees for submission or 
processing of manuscripts. All expenses are covered by Turkish Neurological 
Society.

Ethical Issues and Peer Review 
The Turkish Journal of Neurology is an independent, non-biased, periodical 
publication that adheres to the double-blind peer review process.
The Publication Policy and Manuscript Writing Rules were prepared in 
accordance with the Recommendations for the Conduct, Reporting, Editing, and 
Publication of Scholarly Work in Medical Journals (ICMJE Recommendations) 
(2016, http://www.icmje.org).
Submitted manuscripts are first evaluated for their scientific value by the Editor-
in-Chief. After initial evaluation, regarding to article’s topic one of the associate 
editors is assigned. Then, manuscripts are sent to at least two peer reviewers for 
evaluation. The Editorial Board may also send the manuscript to another reviewer 
if necessary. All reviewers are independent national and international experts in 
the field. After peer-review process, associate editor adds his/her own comments 
to the peer reviews and send them to the Editor-in-Chief. Editor-in-Chief considers 
peer-reviewers’ and associate editor’s comments and commits his/her final 
decision. The whole evaluation process is aimed to be finished within 3 months. 
Every submission is also evaluated by the statistics editor.
Dates, when the manuscript was received and accepted, are stated in the issue 
the manuscript is published. 
The Editor-in-Chief and associate editors have the right to reject, return 
manuscripts for revision, or revise the format of manuscripts that do not comply 
with publication rules. 
Turkish Journal of Neurology declares to principally comply with the ethical 
standards of the Declaration of Helsinki (https://www.wma.net/policies-post/
wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-
human-subjects/). Therefore, all studies that involve human subjects, patients 
or volunteers should be informed and their consents should be taken (You can 
reach the Informed Consent of Publication in Turkish Journal of Neurology from 
here). This information should be provided in the “Materials and Methods” 
section of the manuscript. In cases of image media usage that potentially 

expose patients’ identity requires obtaining permission for publication from the 
patients or their parents/guardians. Studies involving animals must contain a 
statement indicating that the study was performed in compliance with principles 
of the Guide for Care and Use of Animals (www.nap.edu/catalog/5140.html). 
Approval must be provided from Institutional Ethics Committee (including 
approval number). The Editor-in-Chief may ask for a copy of the documents 
if necessary. 
Authors should provide declarations of financial or material support if received 
for the study and manuscript preparation. Authors are required to provide a 
statement on the absence of any conflict of interest. 
All manuscripts submitted to the journal for publication are checked by Crossref 
Similarity Check powered by “iThenticate” software for plagiarism. If plagiarism 
is detected, relevant institutions may be notified. In this case, the authors might 
be asked to disclose their raw data to relevant institutions. 
The scientific and legal responsibility for manuscripts sent to our journal for 
publication belongs to the authors. Authors are responsible for the correctness 
of opinions, recommendations, and references in their manuscripts. Copyrights 
of manuscripts accepted for publication belong to Galenos Yayınevi. After 
acceptance of the manuscript for publication, and a related e-mail to 
correspondence author via the Online Article System a Copyright Transfer Form 
should be completed, signed by all authors, and sent to yayin@galenos.com.tr 
(No payment is made to the authors for copyright).
All manuscripts submitted for publication should be prepared in accordance 
with the Uniform Requirements for Manuscripts Submitted to Biomedical 
Journals Editors (http://www.ulakbim.gov.tr/cabim/vt/uvt/tip/) as prepared by 
the International Committee of Medical Journal Editors (ICMJE).
Authors are required to accept that editors and associate editors can make 
revisions to the manuscript without making a major change in the manuscript.
If the manuscript includes a commercial link or if an institution provides 
material support to the study, authors should inform the editor about the 
presence and type (consultant, other agreements) of the relationship with the 
product, drug, or company.
In the event of any suspicion or claim regarding scientific shortcomings or 
ethical infringement, the Journal reserves the right to submit the manuscript 
to the supporting institutions or other authorities for investigation. The Journal 
accepts the responsibility of initiating action but does not undertake any 
responsibility for an actual investigation or any power of decision.
Preparation of original articles, systematic reviews, meta-analyses, and case 
reports must comply with study design guidelines:
CONSORT statement for randomized controlled trials (Moher D, Schultz 
KF, Altman D, for the CONSORT Group. The CONSORT statement revised 
recommendations for improving the quality of reports of parallel-group 
randomized trials. JAMA 2001; 285: 1987-91) (http://www.consort-statement.
org/),
PRISMA statement of preferred reporting items for systematic reviews and 
meta-analyses (Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group. 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The 
PRISMA Statement. PLoS Med 2009; 6(7): e1000097.) (http://www.prisma-
statement.org/),
STARD checklist for the reporting of studies of diagnostic accuracy (Bossuyt PM, 
Reitsma JB, Bruns DE, Gatsonis CA, Glasziou PP, Irwig LM, et al., for the STARD 
Group. Towards complete and accurate reporting of studies of diagnostic 
accuracy: the STARD initiative. Ann Intern Med 2003;138:40-4.) (http://www.
stard-statement.org/),

INSTRUCTIONS TO THE AUTHORS

Journal of
Turkish

Neurology



A-VII

STROBE statement, a checklist of items that should be included in reports of 
observational studies (http://www.strobe-statement.org/),
MOOSE guidelines for meta-analysis and systemic reviews of observational 
studies (Stroup DF, Berlin JA, Morton SC, et al. Meta-analysis of observational 
studies in epidemiology: a proposal for reporting Meta-analysis of Observational 
Studies in Epidemiology (MOOSE) group. JAMA 2000; 283: 2008-12),
CARE guidelines are designed to increase the accuracy, transparency, and 
usefulness of case reports. (Gagnier JJ, Kienle G, Altman DG, Moher D, Sox H, 
Riley D; the CARE Group. The CARE Guidelines: Consensus-based Clinical Case 
Reporting Guideline Development.) (http://www.care-statement.org/) 

General Rules
TJN accepts only online submissions (www.tjn.org.tr). To submit an article, 
authors should subscribe to the Journal Agent website (http://www.tjn.org.tr) 
and obtain a personal password. This system enables online submission and 
evaluation of the manuscript. Collected articles are processed and archived by 
this system in compliance with principles of ICMJE, Index Medicus (Medline/
PubMed), and Science Citation Index (SCI). The ORCID (Open Researcher 
and Contributor ID) number of the corresponding author should be provided 
while sending the manuscript. Free registration can be created at http://orcid.
org. 
Paper layout: The manuscript should be written in Verdana font, 10 point-
type, double-spaced with 2 cm margins on both sides. The text should be 
prepared with a computer program compatible with Windows operating 
system. Page numbers should be used starting from the initial page, and 
page numbers should be at the bottom right corner of each page. The main 
manuscript file should not include author names or their institutions. 
Abbreviations: Abbreviations used in the journal should be nationally or 
internationally accepted, should be defined in the text when first used, and 
written in parenthesis. Afterwards, the abbreviation should be used throughout 
the text. A Turkish source ‘Bilimsel Bir Makale Nasıl Yazılır ve Yayımlanır? (How 
to write and publish a scientific article?)’ can be referred for international 
abbreviations.(https://ulakbim.tubitak.gov.tr/sites/images/Ulakbim/eyes2_
yazar_1.pdf)
Title page: Title page should include Turkish and English titles, Turkish 
and English running titles shorter than 40 characters including spaces, the 
names and, last names of the authors. The clinic, department, institution, 
and organization in which the study was conducted should also be stated. 
Corresponding author’s name, address, e-mail, phone, and fax numbers should 
also be included on the title page. Previous presentations of the study in 
symposia or congresses should also be stated. 
Any financial or other support from any person or institution should be 
mentioned under the heading of Conflict of Interest. Also in studies with 
multiple authors, the roles of every author should be defined. 
Turkish Journal of Neurology expects that every author meets at least one of 
the following internationally accepted criteria:
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Introduction
One of the consequences of the aging population in our 

country is the remarkable increase in the frequency of vascular 
diseases, especially acute stroke. After the end of the pandemic, the 
critical level of the stroke frequency requires meticulous planning 
of what needs to be done in the country in the regional context. It 
is clear that this planning will be built on the epidemiological data 
of stroke in our country. The most up-to-date estimates of data 
for Turkey presented in 2019 in the “Global Burden of Disease 
(GBD)” study, were reviewed for this purpose.

Method
GBD project is the most comprehensive worldwide 

observational epidemiological study to date led by the Institute for 

Health Metrics and Evaluation at the University of Washington, 
Seattle (USA) which was prioritized by the World Health 
Organization (1). The GBD study provides a powerful resource 
for understanding the changing health challenges faced by people 
around the world in the 21st century. Within the scope of GBD, 
there are estimated data for the last 30 years on 369 diseases or 
medical conditions and 84 risk factors in 204 countries, and in 
countries such as USA, UK and Iran depicting regional context. 
GBD released the latest global data in 2019. Researches using 
this database are published within the framework of determined 
reporting rules (2), so that both inter-country comparisons (3) 
and global (4) and temporal (5,6) trends can be evaluated. In this 
review, GBD Turkey data are summarized and introduced under 
the title of stroke.

Ad dress for Cor res pon den ce/Ya z›fl ma Ad re si: Prof. Mehmet Akif Topçuoğlu MD, Hacettepe University Faculty of Medicine Adult Hospital, Department of 
Neurology, Ankara, Turkey

Phone: +90 312 305 35 35 E-mail: matopcuoglu@yahoo.com ORCID: orcid.org/0000-0002-7267-1431
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Küresel Hastalık Yükü sistemi kullanılarak Türkiye’ye dair en güncel inme istatistikleri sunulmuştur. 2019 yılında Türkiye için inme insidansı 125.345 (yüz 
binde 154), prevalansı 1.080.380 (yüzde 1,3), inme nedenli ölüm hızı 48.947 kişi ve inmeye bağlı ölüm/sakatlık nedeniyle kaybedilen yaşam yılları sayısı 993.082 
yıl olarak tahmin edilmiştir. İnmelerin %17,4’ü elli yaş altında, %58,5’i yetmiş yaş altında ve %54,3’ü de kadınlarda görülmüştür. İnmelerin %65,1’i akut 
iskemik inme, %24’ü intraserebral kanama ve %10,9’u subaraknoid kanamadır. Ülkemiz popülasyonunun yaşlanması ile birlikte tüm inme tiplerinde sayısal artış 
olmakla birlikte yaşa göre standardizasyon yapıldığında özellikle hemorajik inmelerin sıklık artışının zaman içinde sınırlandırılmış olduğu görülmüştür.
Anahtar Kelimeler: Akut inme, yaşlanma, insidans, vasküler risk, vasküler sağlık

Öz

The most up-to-date stroke statistics for Turkey are presented using the Global Burden of Disease e-research system. In 2019, the incidence of stroke for Turkey 
was estimated as 125,345 (154 per hundred thousand), the prevalence was 1,080,380 (1.3%), the death rate due to stroke was 48,947 and the number of life years 
lost due to stroke-related death/disability was estimated to be 993,082 years. Of strokes 17.4% occurred under the age of fifty, 58.5% under the age of seventy, 
and 54.3% in women. 65.1% of strokes are acute ischemic stroke, 24% intracerebral and 10.9% subarachnoid hemorrhage. Although there is a numerical increase 
in all stroke types with the aging of our country’s population, it has been observed that the increase in the frequency of hemorrhagic strokes are limited over time 
when frequency standardization is made according to age. 
Keywords: Acute stroke, aging, incidence, vascular risk, vascular health
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Stroke in Turkey in 2019
The official population of Turkey in 2019 was 83,429,615. In 

the same year, the incidence of “combined” stroke was estimated 
as 125,345 (154 per hundred thousand), the prevalence 1,080,380 
(1.3%), stroke-related death 48,947, and the number of life years 
lost due to stroke-related death/disability 993,082 years. Of 
strokes 17.4% were seen under the age of 50, 58.5% under the 
age of 70, and 54.3% in women. Approximately one-fourth of the 
patients who survived a stroke were under the age of 50, two-
thirds were under the age of 70, and 56.8% were women. Of those 
who died due to stroke 4.1% were under 50 years old, 24.5% were 
under 70 years old, and 55% were women. Of the life years lost 
due to death and disability 13.4% affected those under the age of 
50, 49.1% under the age of 70, and 52% women. Turkey’s main 
stroke metrics are within the range determined for the global scale 
(Table 1).

Approximately 81,500 new acute ischemic strokes (AIS) 
were diagnosed in Turkey in 2019. IS accounted for 65.1% of all 
strokes. Of the individuals with IS, 14.1% were under the age of 
50, 55.7% were under the age of 70, and 54.3% were women. 
The prevalence of IS in our country in 2019 was approximately 
838,000, and 20.9% of the patients were younger than 50, and 
63.2% were younger than 70. The prevalence of IS was higher in 
women in Turkey, similar to the rest of the world (57.2%, Table 
2). In 2019, approximately 30,000 patients died in our country 
due to IS. Of dying patients due to IS 1.2% were younger than 50, 
and 14% were younger than 70. While 55% of the lives lost due to 
IS in our country were women in 2019, the rate of women lives lost 
due to IS worldwide was approximately 49% (4). In 2019, more 
than half a million years of healthy life were lost in our country due 
to IS-related death and disability (Table 2).

In 2019, approximately 30 thousand new patients of acute 
intracerebral hemorrhage (ICH) were diagnosed in Turkey. This 
accounted for 24% of all strokes. In our country, 18% of those 
diagnosed as having ICH were under the age of 50 and 57.1% 
were under the age of 70. The female-male ratio in ICHs in Turkey 
was comparable (50.6% vs. 49.4%). In 2019, the prevalence of 
ICH in Turkey was 213,000. Of them 36.4% were younger than 
50 and 81% of them were younger than 70 years. The male sex 
ratio in patients who survived after ICH was lower in Turkey 
(47.2% to 52%) compared to the rest of the world (4). In 2019, 
approximately 15,500 patients died in our country due to ICH, 
and more than 350,000 years of healthy life were lost due to death 
and disability due to ICH (Table 3).

In Turkey, approximately 14,000 new cases of acute 
subarachnoid hemorrhage (SAH) were diagnosed in 2019. This 
accounted for 10.9% of all strokes. In our country, SAH was seen 
at younger ages compared to the rest of the world. Among SAHs, 
the rate of patients under the age of 50 (35.9% in Turkey, 16% in 
the world) and the rate of patients under the age of 70 (77.8% in 
our country, 62% in the world) were higher in our country than in 
the world. Seventy-four thousand patients survived after SAH and 
55.7% of these patients were younger than 50 years and 93.6% 
were younger than 70 years. The male sex ratio in patients with 
SAH was lower in Turkey, similar to the rest of the world. An 
estimated 3,120 patients died in our country in 2019 due to SAH, 
and more than 91,000 years of healthy life were lost due to death 
and disability due to SAHSAH (Table 4).

The Course of Stroke Frequency in the Last Thirty Years
Turkey’s population was 53,921,760 in 1990, with an increase 

of 17.3% in 2000, to 63,240,194, in 2010 with an increase of 
34,1% to 72,326,988 and in 2019 with an increase of 54,7% to 
83,429,615 (7). In 2019, the proportion of women in the total 
population was 49.9%, and the average life expectancy was 81.3 
years for women and 75.9 years for men (8). Over the last 30 years, 
the combined incidence of all hemorrhagic and ISs has increased 
by 117% with a fairly stable acceleration, increasing from 57,650 
(97 per 100,000) to 125,235 (154 per 100,000). The number of 
patients surviving after stroke (prevalence) increased from 531,000 
(889 out of 100,000) in 1990 to 1,081,000 (1328 out of 100,000) 
in 2019, an increase of 104%. 

In our country, 34,254 patients were diagnosed as having acute 
IS (AIS) in 1990, and it increased by 138% in thirty years and 
reached 81,599 in 2019. The increase in the incidence of IS was 
higher in men than in women (157% vs. 125%) (Figure 1a, top row). 
The increase in the incidence of IS was slower in the group under 
50 years of age. While the incidence of IS was 57 per 100,000 in 
1990, it increased by 75.4% to 100 per 100,000 in 2019. The rate 
of increase was higher in men (from 47 to 88 per 100,000, 87.2% 
increase) than in women (from 68 to 113 per 100,000, 66.2% 
increase). After the age of 50, it was observed that the increase 
accelerated with age. Under 50 years of age, a stable course was 
observed (Figure 1b, top row). The prevalence of IS was 390,577 
numerically in 1990 and reached 838,412 in 2019, increasing by 
115% in thirty years with approximately constant acceleration. 
The increase in prevalence was slightly more pronounced in males 
and in the advanced (>70) age group (Figure 2a, top row). The 
rate of IS survivors was 653 per 100,000 in 1990, it increased with 
a constant acceleration in thirty years and increased to 1.031 per 
100,000 in 2019 with a total increase of 58%. While the increase 
was higher in males than in females (129.2% vs 105%), a stable 
trend under the age of 50 (from 364 to 384 per 100,000, 5.5% 
increase) was noted. There was an increasing trend in other age 
groups. (Figure 2b, top row). The age-standardized incidence and 
rate of AIS tended to decrease in women over the last 30 years 
(incidence decreased by 2% and prevalence decreased by 11.1% 
from 1990 to 2019), but increased in men (from 1990 to 2019, 
incidence increased by 12.5% and prevalence increased by 3.9%) 
(Figure 3, top row). The number of patients who died due to AIS 
increased from 11,051 people in 1990 to 30,216 in 2019 with an 
increase of 173.4%. The number of deaths caused by AIS increased 
significantly between 2000 and 2010, but the increase was lower 
in the previous and subsequent decades. The number of deaths 
from IS increased by 3.2% in the decade after 1990 to 11,400 in 
2000, by a total increase of 131.4% in the following decade, to 
26,378 in 2010 and by 14.6% in the next decade. In 2019, the 
number of deaths from IS increased to 30,216. The incidence of 
death from AIS was 18.5 per 100,000 in 1990, and decreased by 
16.5% in 2000, decreasing by 10.8% in the following ten years. 
It rose to 35.5 per 100,000, but then the increase slowed (4.5% 
increase in ten years) and entered a more stable period (37.1 per 
100,000 in 2019). Although the mortality rate did not change 
according to gender, it tended to increase with age. The number 
of life years lost due to death and disability due to AIS increased 
from 236,297 in 1990 to 551,064 in 2019 with an increase of 
133.2%. The rate of loss of disability adjusted life years (DALY) 
also increased from 395 per 100,000 in 1990 to 677 per 100,000 
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Table 1. Combined stroke incidence, prevalence, mortality and DALY estimates in Turkey according to the GBD 2019 report
Number Annual rate per 100,000 Comment

Rough
Standardized 
by age

Incidence

Age (all)
Gender (all)

125,345
[114,548-138,123]

154
[141-170]

146
[133-161]

In 2019, approximately 125,000 patients with acute stroke 
were recorded in Turkey. It was given as 12.2 million in the 
world.

15-49 years
21,821 
[18,520-26,017]

48
[41-57]

- Of patients with stroke 17.4% were under the age of 50, 
which was similar to the global average (16%).

<70 years
73,276
[65,214-81,684]

96
[85-107]

- Of patients with stroke 58.5% were under the age of 70, 
which was similar to the global average (62%).

Male (all ages)
57,285
[52,111-63,599]

139
[127-155]

141
[128-157]

Of patients with stroke in Turkey 45.7% were males and 47% 
of the patients in the world were males.

Female (all ages)
68,061
[62,106-75,403]

169
[154-187]

150
[136-166]

Of patients with stroke in Turkey 54.3% were females and 
53% of the patients in the world were females.

Prevalence

Age (all)
Gender (all)

1,080,380
[1,002,616-
1,164,932]

1,328
[1,232-1,432]

1,214
[1,125-1,309]

There were approximately 1.1 million patients in our country 
and 101 million in the world who survived after having a 
stroke.

15-49 years
279,882
[248,781-310,182]

613
[545-679]

-
Of patients who survived after stroke in Turkey 25.9% were 
younger than 50 years old and 22% of those in the world 
were younger than 50 years old.

<70 years
740,270
[682,967-801,825]

967
[892-1,047]

-
Of patients who survived after stroke in Turkey 68.5% were 
younger than 70 years old and 67% of those in the world 
were younger than 70 years old.

Male (all ages)
466,492
[430,873-505,233]

1,135
[1,048-1,229]

1,092
[1,004-1,185]

Of stroke survivors in Turkey 43.2% were males and 44% of 
them in the world were males.

Female (all ages)
613,888
[567,050-665,488]

1,525
[1,409-1,653]

1,324
[1,225-1,437]

Of stroke survivors in Turkey 56.8% were females and 56% of 
them in the world were females.

Mortality
Age (all)
Gender (all)

48,947
[39,204-59,511]

60
[48-73]

61
[49-74]

In 2019, approximately 49.000 people in our country and 6.5 
million people in the world died due to stroke.

15-49 years
2,011
[1,543-2,562]

4.4
[3.4-5.6]

- In 2019, 4.1% of deaths due to stroke in our country and 6% 
in the world were under the age of 50.

<70 years
11,990
[9,396-15,052]

16
[12-20]

- In 2019, 24.5% of deaths due to stroke in our country and 
34% in the world were under the age of 70.

Male (all ages)
22,036
[17,687-26,926]

54
[43-66]

61
[49-74]

In 2019, 45% of those who died due to stroke in our country 
and 51% in the world were males,

Female (all ages)
26,911
[21,195-32,999]

67 [53-82] 60 [47-74] In 2019, 55% of those who died due to stroke in our country 
and 49% in the world were females.

DALYs

Age (all)
Gender (all)

993,082
[820,881-1,177,528]

1,221
[1,009-1,447]

1,163
[965-1,380]

In 2019, approximately 1 million years of healthy life in our 
country and more than 143 million years in the world were 
lost due to stroke-related death and disability.

15-49 years
133,353
[112,469-167,086]

301
[246-366]

-
In 2019, 13.4% of healthy life years lost in our country and 
15% in the world due to stroke-related death and disability 
affected individuals under the age of 50.

<70 years
487,586
[399,578-586,403]

170
[140-205]

-
About half of the healthy life lost in 2019 due to stroke-
related death and disability (49.1% in our country and 57% in 
the world) affected individuals under the age of 70.

Male (all ages)
477,022
[387,366-574,662]

1,161
[942-1,398]

1,187
[969-1,426]

In 2019, 48% of healthy life years lost due to stroke-related 
disability / death affected males in our country and 54% in 
the world.

Female (all ages)
516,060
[428,104-611,138]

1,282
[1,063-1,518]

1,132
[940-1,341]

In 2019, 52% of healthy life years lost due to stroke-related 
disability / death affected females in our country and 46% in 
the world.

Values in square brackets are 95% “uncertainty interval” values. For details, see Feigin et al. (4). Global figures are also derived from the same source. DALYs: Disability-
adjusted life years”, GBD: Global Burden of Disease
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Table 2. Estimates of IS incidence, prevalence, mortality and DALY in Turkey according to the GBD 2019 report
Number Annual rate per 100,000 Comment

Rough
Standardized 
by age

Incidence

Age (all)
Gender (all)

81,599
[71,499-93,648]

100
[88-115]

95
[84-110]

In 2019, it was estimated that there were 81,500 new patients 
with acute IS in Turkey. This means that 65.1% of all strokes 
are ischemic.

15-49 years
11,489
[8,459-15,300]

25
[19-34]

- In 2019, 14.1% of ISs in our country and 11% in the world 
were under the age of 50.

<70 years
45,456
[37,727-53,440]

53
[49-70]

- In 2019, 55.7% of ISs in our country and 58% in the world 
were under the age of 70.

Male (all ages)
38,260
[31,237-42,266]

88
[76-103]

90
[78-105]

In 2019, 46.9% of patients with IS in Turkey and 45% in the 
world were males.

Female (all ages)
43,319
[39,422-52,412]

113
[98-130]

100
[87-115]

In 2019, 54.3% of patients with IS in Turkey and 53% in the 
world were females.

Prevalence

Age (all)
Gender (all)

838,412
[764,091-920,762]

1,031
[939-
1,132]

956
[873-1,050]

In 2019, there were approximately 838,000 patients in our 
country and 77 million in the world who survived after having 
an IS.

15-49 years
175,276
[150,198-203,197]

384
[329-445]

- In 2019, 20.9% of patients who continued their lives after IS in 
Turkey and 19% in the world were younger than 50 years old.

<70 years
529,893
[478,948-587,289]

692
[625-767]

- In 2019, 63.2% of patients who survived IS in Turkey and 61% 
in the world were younger than 70 years old.

Male (all ages)
358,608
[324,016-395,275]

873
[788-962]

860
[776-951]

The male sex ratio in patients surviving IS was similar in 
Turkey and in the world (43% vs 42.8%).

Female (all ages)
479,804
[435,467-528,089]

1,192
[1,082-
1,312]

1,042
[949-1,146]

The female sex ratio in patients who survived IS was similar in 
Turkey and in the world (57% vs 57.2%).

Mortality
Age (all)
Gender (all)

30,216
[24,111-36,742]

37
[30-45]

38
[31-46]

In 2019, approximately 30,000 people in our country and 3.3 
million people in the world died due to IS.

15-49 years
364
[269-481]

0.8
[0.6-1.1]

- In 2019, 1.2% of deaths due to IS in our country and 2% in the 
world were under the age of 50.

<70 years
4,243
[3,256-5,446]

5.5
[4.3-7.1]

- In 2019, 14% of deaths due to IS in our country and 19% in 
the world were under the age of 70.

Male (all ages)
12,887
[10,157-16,012]

31
[25-39]

37
[29-46]

Of those who died due to IS in 2019, 42.6% in our country and 
48% in the world were males.

Female (all ages)
17,328
[13,485-21,068]

43
[34-52]

39
[30-48]

Of those who died due to IS in 2019, 55% in our country and 
49% in the world were females.

DALYs

Age (all)
Gender (all)

551,064
[459,967-649,248]

677
[565-798]

663
[553-780]

In 2019, more than half a million years of healthy life years in 
our country and more than 63 million years in the world were 
lost due to death and disability due to IS.

15-49 years
41,154
[32,330-50,958]

90
[71-112]

- In 2019, 7.5% of the healthy life years lost due to death and 
disability due to IS in our country and 7% in the world affected 
individuals under the age of 50.

<70 years
196,667
[161,747-238,218]

69
[56-83]

- Individuals under the age of 70 affected 35.7% of the healthy 
life years lost in 2019 due to death and disability due to IS in 
our country and 41% in the world.

Male (all ages)
246,017
[202,489-296,238]

599
[493-721]

644
[530-775]

In 2019, 44.6% of healthy life years lost due to IS-related 
disability/death in our country and 50% in the world affected 
males

Female (all ages)
305,047
[254,644-361,114]

758
[633-897]

675
[563-798]

In 2019, 55.4% of healthy life years lost due to IS-related 
disability/death in our country and 50% in the world affected 
females.

Values in square brackets are 95% “uncertainty interval” values. For details, see Feigin et al. (4). Global figures are also derived from the same source. DALYs: Disability-
adjusted life years”, GBD: Global Burden of Disease, IS: Ischemic stroke
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Table 3. Incidence, prevalence, mortality and DALY estimations of ICH in Turkey according to the GBD 2019 report
Number Annual rate per 100,000 Comment

Rough
Standardized 
by age

Incidence
Age (All)
Gender (all)

30,027
[26,923-33,453]

37
[33-41]

35
[31-39]

In 2019, 30 thousand new cases of acute ICH were diagnosed 
in Turkey. This accounted for 24% of all strokes.

15-49 years
5,406
[4,398-6,589]

11.8
[9.6-14.4]

- In 2019, 8% of patients with ICHs in our country and 23% in 
the world were under the age of 50.

<70 years
17,149
[15,066-19,785]

22
[20-26]

- In 2019, 57.1% of patients with ICHs in our country and 68% in 
the world were under the age of 70.

Male (all ages)
14,820
[13,106-16,537]

36
[32-40]

36
[32-41]

The male sex ratio in ICHs was 49.4% in Turkey and 54% in 
the world.

Female (all ages)
15,207
[13,547-17,076]

38
[34-42]

34
[30-38]

The female sex ratio in ICHs was 50.6% in Turkey and 
46% in the world.

Prevalence
Age (all)
Gender (all)

212,849
[190,914-233,873]

262
[235-288]

235
[211-258]

In 2019, there were 213,000 patients in Turkey and 21 million 
in the world who could continue their lives after ICH.

15-49 years
77,574
[66,634-88,750]

170
[146-194]

- In 2019, 36.4% of the patients who continued their lives after 
ICH in Turkey and 33% in the world were younger than 50 
years old.

<70 years
172,450
[154,194-191,771]

225
[201-250]

- In 2019, 81% of patients who survived after ICH in Turkey and 
85% in the world were younger than 70 years old.

Male (all ages)
100,385
[89,830-110,609]

244
[219-269]

225
[202-248]

The male sex ratio in patients who survived after ICH was 
lower in Turkey compared to the rest of the world (47.2% 
versus 52%).

Female (all ages)
112,464
[100,650-123,758]

279
[250-307]

243
[217-267]

The female sex ratio in patients who survived after ICH 
was higher in Turkey than in the world (48% vs 52.8%)

Mortality
Age (all)
Gender (all)

15,611
[12,430-19,184]

19
[15-24]

19
[15-23]

In 2019, approximately 15,500 people in our country and 3 
million people in the world died due to ICH.

15-49 years
1,103
[841-1,434]

2.4
[1.8-3.1]

- In 2019, 7.1% of patients who died due to ICH in our country 
and 9% in the world were under the age of 50.

<70 years
6,072
[4,698-7,694]

7.9
[6.1-10.1]

- In 2019, 38.9% of patients who died due to ICH in our country 
and 47% in the world were younger than 70 years of age.

Male (all ages)
7,551
[5,878-9,444]

18
[14-23]

20
[15-25]

In 2019, 48.4% of those who died due to ICH in our country 
and 55% in the world were males.

Female (all ages)
8,040
[6,292-9,998]

20
[16-25]

18
[14-22]

In 2019, 51.6% of those who died due to ICH in our 
country and 45% in the world were females.

DALYs

Age (all)
Gender (all)

350,826
[284,141-427,496]

431
[349-525]

399
[324-486]

In 2019, approximately 350,000 years of healthy life in our 
country and more than 69 million years in the world were lost 
due to death and disability due to ICH.

15-49 years
63,886
[50,427-79,709]

140
[110-175]

- Individuals under the age of 50 affected 18.2% of the healthy 
lives lost in 2019 due to death and disability due to ICH in our 
country and 19% in the world.

<70 years
219,913
[176,423-271,366]

77
[62-95]

- Individuals under the age of 70 affected 62.7% of healthy lives 
lost in 2019 due to death and disability due to ICH in our 
country and 69% in the world.

Male (all ages)
183,593
[144,388-227,586]

447
[351-554]

435
[343-540]

In 2019, 52.3% of the healthy life lost due to disability/death 
related to ICH in our country and 57% in the world affected 
males.

Female (all ages)
167,233
[135,650-203,557]

415
[337-506]

363
[294-442]

In 2019, 47.7% of healthy lives lost due to disability/death 
related to ICH in our country and 43% in the world affected 
females.

Values in square brackets are 95% “uncertainty interval” values. For details, see Feigin et al. (4). Global figures are also derived from the same source. DALYs: Disability-
adjusted life years”, GBD: Global Burden of Disease, ICH: Intracerebral hemorrhage
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Table 4. Estimates of SAH incidence, prevalence, mortality and DALY in Turkey according to the GBD 2019 report

Number
Annual rate per 
100,000

Comment

Rough
Standardized 
by age

Incidence
Age (all)
Gender (all)

13,719
[11,850-15,875]

17
[15-20]

15
[13-17]

In 2019, approximately 14,000 new cases of acute SAH were 
diagnosed in Turkey. This accounted for 10.9% of all strokes.

15-49 years
4.927
[3,853-6,127)

11
[8-13]

- While 35.9% of patients with SAHs were under the age of fifty in our 
country, it was 16% in the world.

<70 years
10,671
[9,049-12,582]

14
[12-16]

- While 77.8% of patients with SAHs were under the age of seventy in 
our country, it was 62% in the world.

Male (all ages)
6,184
[5,289-7,174]

15
[13-18]

14
[12-16]

The male sex ratio in SAHs was 45.1% in Turkey and 47% in the 
world.

Female (all ages)
7,535
[6,452-8,779]

19
[16-22]

16
[14-19]

The female sex ratio in SAHs was 54.9% in Turkey and 53% in the 
world.

Prevalence
Age (all)
Gender (all)

74,005
[62,671-86,497]

91
[77-106]

78
[66-91]

In 2019, there were 74,000 patients in Turkey and 8.4 million in the 
world who could continue their lives after SAH.

15-49 years
41,189
[34,779-48,211]

90
[76-106]

- In 2019, 55.7% of patients who continued their lives after SAH in 
Turkey and 35% in the world were younger than 50 years old.

<70 years
69,294
[58,191-81,799]

91
[76-107]

- In 2019, 93.6% of the patients who survived after SAH in Turkey and 
82% in the world were younger than 70 years old.

Male (all ages)
29,318
[24,649-34,415]

71
[60-84]

62
[52-73]

The male sex ratio in patients surviving after SAH was similar in 
Turkey compared to the rest of the world (39.6% vs 40%).

Female (all ages)
44,687
[37,688-52,582]

111
[94-131]

94
[80-111]

The female sex ratio in patients who survived after SAH in Turkey 
was at a similar level compared to the rest of the world (60.4% vs. 
60%).

Mortality
Age (all)
Gender (all)

3,120
[2,422-3,942]

3.8
[3.0-4.9]

3.6
[2.8-4.6]

In 2019, an estimated 3120 people in our country and 373,000 
people in the world died due to SAH.

15-49 years
543
[399-708]

1.2
[0.9-1.6]

- In 2019, 17.4% of patients who died due to SAH in our country and 
17% in the world were under the age of 50.

<70 years
1,675
[1,247-2,178]

2.2
[1.6-2.8]

- In 2019, 53.7% of patients who died due to SAH in our country and 
56% in the world were younger than 70 years of age.

Male (all ages)
1,598
[1,134-2,072]

3.9
[2.8-5.0]

4
[2.8-5.1]

In 2019, 51.2% of those who died due to SAH in our country and 
50% in the world were males.

Female (all ages)
1,522
[1,166-1,955]

3.8
[2.9-4.9]

3.3
[2.5-4.3]

In 2019, 48.8% of those who died due to SAH in our country and 
50% in the world were females.

DALYs

Age (all)
Gender (all)

91,143
[72,042-114,240]

112
[89-140]

101
[80-126]

In 2019, approximately 91,000 years of healthy life in our country 
and more than 143 million years in the world were lost due to death 
and disability due to SAH.

15-49 years
32,314
[25,291-40754]

71
[55-89]

-
Individuals under the age of 50 affected 17.4% of healthy lives lost in 
2019 due to death and disability due to SAH in our country and 17% 
in the world.

<70 years
71,004
[55,497-89,014]

25
[19-31]

-
Individuals under the age of 70 affected 53.7% of healthy lives lost in 
2019 due to death and disability due to SAH in our country and 56% 
in the world.

Male (all ages)
47,412
[35,169-61,194]

115
[86-149]

108
[80-139]

In 2019, 52% of healthy life lost due to disability/death related to 
SAH in our country and 54% in the world affected males.

Female (all ages)
43,780
[35,193-54,628]

109
[87-136]

94
[76-117]

In 2019, 48% of healthy lives lost due to disability/death related to 
SAH in our country and 46% in the world affected females.

Values in square brackets are 95% “uncertainty interval” values. For details, see Feigin et al. (4). Global figures are also derived from the same source. DALYs: Disability-
adjusted life years”, GBD: Global Burden of Disease, SAH: Subarachnoid hemorrhage
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with an increase of 71.4% in 2019. While the number and rate of 
DALYs increased rapidly between 2000 and 2010, they remained 
relatively stable in the previous and following decades. DALY loss 
from AIS increased to 259,049 in the decade up to 2000, with a 
total increase of 9.6%, and increased much more rapidly (93.2%) 
in the following decade to 500,430 in 2010. After 2010, it showed 
a more stable course (10.1% increase in ten years). The DALY rate 
first decreased to 374 per 100,000 with a 5.3% decrease in 2000, 
and increased to 651 per 100,000 in 2010 with a total increase of 
76.1% in the next ten years, and remained almost constant in the 
following ten years (4% increase).

In Turkey, 15,548 patients were diagnosed as having ICH in 
1990, and it increased by 42% in thirty years and nearly doubled 
(30,027) in 2019. The increase in the number of ICHs was higher 
in men than in women (118% vs 73%) (Figure 1a, middle row). 
The increase in the incidence of ICH under the age of 70 was slow, 

especially in the group under the age of 50. While the incidence 
of ICH was 26 per 100,000 in 1990, it increased by 42% to 36.9 
per 100,000 in 2019. The rate of increase was higher in men (from 
22.3 to 36.1 per hundred thousand, 62% increase) than in women 
(from 29.8 to 37.8 per hundred thousand, 27% increase). An 
increase in the rate of increase was observed with increasing age 
(Figure 1b, middle row). The numerical prevalence of ICH was 
122,997 in 1990 and reached 212,849 in 2019 with a total increase 
of 64% with approximately constant acceleration. The increase in 
prevalence was more pronounced in males and advanced (>70) 
age group (Figure 2a, middle row). The frequency of patients who 
were able to continue their lives after ICH was 206 per 100,000 in 
1990, and increased slightly in the last 10 years to 262 per 100,000 
in 2019 with a total increase of 27%. While the increase was more 
pronounced in men than in women (44% vs 15%), the tendency to 
decrease under the age of 50 (6.6% decrease from 182 per hundred 

Figure 1a. Incidence of stroke: Course over the last 30 years
Ischemic stroke: In 1990, 34,254 people were diagnosed with acute ischemic stroke (AIS) in Turkey, and the number of patients increased by 138% with 
a stable acceleration in 30 years, reaching 81,599 in 2019. The number of people diagnosed as having AIS increased from 14,147 to 36,280 (an increase 
by 156.5%) in males, from 20,106 to 45,319 (an increase by 125.4%) in females, from 7,008 to 11,488 under the age of 50 in 30 years (an increase by 
63.9%) and under 70 years of age from 23,942 to 45,456 (an increase by 89.9%) (top row)
Intracerebral hemorrhage (ICH): In our country, 15,548 people were diagnosed as having ICH in 1990, and the number of patients increased to 30,017 
in 2019 with an approximately stable increase by 42% in 30 years. The number of people diagnosed as having ICH in the same time period increased 
from 6,777 to 14,820 (an increase by 118%) in males, from 8,770 to 15,207 (an increase by 73%) in females, from 4,777 to 5,406 (an increase by 13%) 
under the age of 50, and under 70 years of age increased from 11,320 to 17,149 (an increase by 52%) (middle row)
Subarachnoid hemorrhage (SAH): In Turkey, 7,849 people were diagnosed as having SAH in 1990, and it increased to 13,719 in 2019 with a stable 
increase by 75% in total. In the same time period, the number of people diagnosed as having SAH increased from 2,862 to 6,184 (an increase by 116%) 
in males, from 4,988 to 7,535 (an increase by 51%) in females, from 3,556 to 4,927 (an increase by 39%) under the age of 50, and aged under 70 years 
increased from 6,703 to 10,671 (an increase by 59%) (bottom row)
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thousand to 170 per hundred thousand) was remarkable. There was 
an increasing trend in other age groups (Figure 2b, middle row). 
It was noteworthy that the frequency and rate of age-standardized 
ICH tended to decrease more significantly in women over the last 
30 years (Figure 3, middle row). The number of deaths due to ICH 
was 8,960 in 1990 and increased by 74% to 15,611 in 2019. The 
number of deaths from ICH increased markedly between 2000 
and 2010, and remained approximately stable in the previous and 
subsequent decades (approximately 75% increase from 8,635 to 
15,901 between 2000 and 2010). The incidence of death from 
ICH was 15 per 100,000 in 1990 and decreased by 21% over the 
next ten years to 11.9% in 2000, but increased by 70% in the 

following ten years to 20.2 per 100,000 in 2010 and then again 
entered a stable period with a slow (5%) decrease (19.2 per hundred 
thousand in 2019). Although the mortality rate did not change 
according to gender, it tended to increase continuously over the 
age of 50. The number of life years lost due to death and disability 
due to ICH increased from 256,093 in 1990 to 350,129 in 2019 
with an increase of 37%. The rate of DALY loss also increased 
from 428 per 100,000 in 1990 to 431 per 100,000 in 2019 with 
an increase of 7%. While the number and rate of DALYs increased 
rapidly between 2000 and 2010, they remained relatively stable in 
the previous and next two decades. DALY loss from ICH decreased 
by 10.9% to 228,897 in 2000; however, it increased by 51.2% in 

Figure 1b. Incidence of stroke: Course over the last 30 years
Ischemic stroke (IS): The rate of diagnosis of acute IS (AIS) in our country in 1990 was 57 per 100,000, and it increased to 100 per 100,000 in 2019, 
with an almost constant annual increase by 75.4% in 30 years. During the same period, the rate of diagnosis of AIS was higher in males [47 to 88 per 
100,000 (an increase by 87.2%)] than females [68 to 113 per 100,000 (an increase by 66.2%)]. The rate of AIS under 70 years of age increased from 41 to 
59 per 100,000 (an increase by 43.9%) from 1990 to 2019. Under the age of 50, the rate of AIS showed a stable and minimally fluctuating course (from 
23 to 25 per 100,000, an increase by 8.7%) in the same time period (top row)
Intracerebral hemorrhage (ICH): The rate of diagnosis of ICH in Turkey in 1990 was 26 per 100,000, increasing with a constant acceleration by 42% 
in total, reaching 36.9 per 100,000 in 2019. During the same period, the rate of diagnosis of ICH (per hundred thousand) was higher in males [from 
22.3 to 36.1 (an increase by 61.9%)] than in females [29.8 to 37.8 (an increase by 27%)]. The incidence of ICH under 70 years of age increased from 19.5 
to 22.4 per 100,000 (an increase by 14.9%) from 1990 to 2019. Under the age of 50, the rate of ICH showed a significant decrease (a decrease by 26%) 
in this time period (from 16 per 100,000 in 1990 to 11.9 per 100,000 in 2019). [Middle row] This decrease was by 40% in females (18.7 per hundred 
thousand in 1990, 11.2 per hundred thousand in 2019) and by 6.7% in males (13.4 per hundred thousand in 1990, 12.5 per hundred thousand in 2019) 
(not shown in the chart)
Subarachnoid hemorrhage (SAH): The rate of diagnosis of SAH in Turkey in 1990 was 13.1 per 100,000, and increased to 16.9 per 100,000 in 2019, 
with a constant increase by 29% in total. In the same period, the rate of diagnosis of SAH (per hundred thousand) was higher in males [from 9.4 to 15 (an 
increase by 60%)] than in females [16.9 to 18.7 (an increase by 11%)]. The rate of SAH under 70 years of age increased from 11.5 to 13.9 per 100,000 (an 
increase by 21%) from 1990 to 2019. Under the age of 50, the rate of SAH decreased slightly by 9% over the same time period (from 11.9 per 100,000 
in 1990 to 10.8 per 100,000 in 2019) (bottom row)
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the following decade to 346,129 in 2010. After 2010, it showed a 
stable course (1.4% increase). The DALY rate decreased by 24.3% 
in 2000 to 324 per 100,000, then increased gradually (39.8% 
in total) to 463 per 100,000 in 2010 and remained stable in the 
following ten years (2%, 3 increments).

The number of patients diagnosed as having SAH was 7,849 
in 1990, increasing by 75% in approximately thirty years to 
reach 13,719 in 2019. The increase in the number of SAHSAHs 
was higher in men than in women (116 vs 51%) and in those 
under 70 years of age than in those under 50 (59% vs 39%) 
(Figure 1a, bottom row). The rate of SAHSAH increased from 
13.1 per 100,000 in 1990 to 16.9 per 100,000 in 2019, with a 
stable increase of 29%. The rate of increase was higher in men 
(from 9.4 to 15 per 100,000, 60% increase) than in women (from 
16.9 to 18.7 per 100,000, 11% increase). While the incidence of 
SAH decreased slightly under the age of 50 (from 11.9 to 10.8 
per 100,000, 9% decrease), an increase in frequency was observed 

above this age (Figure 1a, bottom row). The numerical prevalence 
of SAHSAH was 42,201 in 1990 and reached 74,005 in 2019 with 
a stable acceleration of 64%. The increase in prevalence was similar 
across gender and age groups (Figure 2a, bottom row). The rate of 
patients surviving SAH was 75.6 per 100,000 in 1990, with a 
slight but gradual increase (20.4% in total) to 91 per 100,000 in 
2019. The increase was mainly seen in men (41.2%) and over the 
age of 50 (21%). While the rate of incidence of SAH was lower in 
women, there was a stable course under the age of 50 (Figure 2b, 
bottom row). It was noteworthy that while the frequency and rate 
of age-standardized SAH remained stable in men in the last 30 
years, there was a marked decrease in women (Figure 3, bottom 
row). The number and rate of deaths caused by SAH remained at 
a fluctuating but stable level from 1990 to 2019 (the number of 
deaths from SAHSAH in 1990 was 994 people and the rate was 
3.6 per 100,000, while it was 1,598 people and 3.8 in 2019. There 
were increases by 61% and 5.6%, respectively). Mortality rates 

Figure 2a. Stroke prevalence: Course over the last 30 years
Ischemic stroke (IS): While 390,577 people continued to live after acute IS (AIS) in 1990 in Turkey, its prevalence increased to 838,412 people in 2019 
with a stable accelerated increase by 115% in total in 30 years. In the same period, the number of patients with AIS increased from 156,481 to 358,608 
(an increase by 129.2%) in males, from 234,096 to 479,804 (an increase by 105%) in females, from 109,078 to 175,276 (an increase by 60.7%) under 
the age of 50, and under 70 years old from 285,945 to 529,893 (an increase by 85.3%) (top row)
Intracerebral hemorrhage (ICH): While 122,997 people continued to live after ICH in 1990 in our country, this increased with a constant acceleration 
by 73% and reached 212,849 in 2019. The number of patients with ICH during this period increased from 51,663 to 100,384 (an increase by 94%) in 
males, from 71,333 to 112,464 (an increase by 58%) in females, from 54,613 to 77,574 (42% increase) for those under 50 years of age, and for the under 
70 years of age, it increased from 109,167 to 172,450 (an increase by 58%) (middle row)
Subarachnoid hemorrhage (SAH): While 42,201 people continued to live after SAH in 1990 in Turkey, this increased to 74,005 in 2019 with a stable 
increase by 64%. In the same period, the number of patients with SAH increased from 15,291 to 29,318 (an increase by 92%) in males, from 29,911 to 
44,687 (an increase by 52%) in females, from 27,736 to 41,189 (an increase by 54%) under the age of 50, and under the age of 70 years, it increased from 
43,502 to 69,294 (an increase by 59%) (bottom row)
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did not differ according to age and gender. The number of life 
years lost due to death and disability due to SAH increased from 
74,248 in 1990 to 91,192 in 2019, an increase of 23%. However, 
the DALY loss rate was 124.2 per 100,000 in 1990, decreasing by 
9.7% to 112.1 per 100,000 in 2019.

Validity and Compliance

In the field study conducted in Denizli in 2010-2011, the 
prevalence of stroke was found to be 0.9% (0.68% in men, 1.21% 
in women) (9). For the same time period, the prevalence in the 
GBD system in 2010 was 1.24% in general, 1.06% in men, 1.41% 
in women, and in 2011, the prevalence was 1.25% in general, 
1.08% in men and 1.43% in women. In a field study conducted in 

Istanbul in 2013, the prevalence of stroke over the age of 18 was 
found to be 1.7% (10). With the “GBD” method, the prevalence 
of stroke was found to be 1.12% for the same age group in the 
same period. In a field study conducted in Karabük in 2014, the 
prevalence of stroke over the age of 44 was found to be 4.12% (11). 
This is lower than the value that can be calculated from the GBD 
site (10.3%). In a field study conducted in Akcakoca (Duzce) rural 
area in 2017, the prevalence of stroke was determined as 2.2% over 
the age of 44, which was higher than the GBD estimate (1.32%) 
(12).

Studies on the incidence of stroke are few in our country. In 
the field study conducted in Isparta between 1993-1997, the 
incidence of stroke was given as 151 per 100,000 (13,14). In 2019, 

Figure 2b. Stroke prevalence: Course over the last 30 years
Ischemic stroke (IS): In our country, the rate of patients surviving after acute IS (AIS) increased from 653 per 100,000 in 1990 to 1.031 per 100,000 
in 2019, with a total increase by 57.9%. In the same period, the rate of patients diagnosed as having AIS increased more in males (from 516 to 873 per 
100,000, an increase by 69.2%) than in females (from 795 to 1,192 per 100,000, an increase by 49.9%). While the prevalence of AIS under the age of 
50 remained stable over time (fluctuating from 364 to 384 per 100,000, an increase by 5.5%), there was a net increase under the age of 70 (from 491 to 
692 per 100,000, an increase by 40.9%) (top row)
Intracranial hemorrhage (ICH): In Turkey, the rate of patients surviving after ICH increased from 206 per 100,000 in 1990 to 262 per 100,000 in 
2019 with a stable accelerated increase by 27%. In the same period, the rate of patients diagnosed as having ICH (per hundred thousand) increased more 
in males [from 170 to 244 (an increase by 44%)] than in females [from 242 to 279 (an increase by 15%)]. The prevalence of ICH under the age of 50 
showed a slight decreasing trend over time [from 182 to 170 (a decrease by 6.6%)], whereas under the age of 70, there was an increasing trend in the last 
15 years [from 188 to 225, (an increase by 20%)] (middle row)
Subarachnoid hemorrhage (SAH): In our country, the rate of patients surviving after SAH in 1990 increased from 75.6 per 100,000 to 91 per 100,000 
in 2019 with a total and fluctuating increase by 20.4%. In the same period, the rate of patients diagnosed as having SAH (per hundred thousand) 
increased more in males [from 50.5 to 71.3 (an increase by 41.2%)] than females [from 101.5 to 111 (an increase by 9.4%)]. The prevalence of SAH under 
the age of 50 did not change significantly over time [from 89.3 to 90.2 (0.9% change)], while there was a fluctuating increase under the age of 70 [from 
74.8 to 90.5, (an increase by 21%)] (bottom row)
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the incidence of stroke in Cankiri was found to be 124 per 100,000 
in a hospital-based study. The estimation of GBD for the same 
period was 154 per 100,000, which was higher (15). However, 
the rate of IS/hemorrhagic stroke was 4.6 times higher in Cankiri 
than the estimation of GBD (15). In 2015-2016, the incidence 
of stroke in Ardahan was reported as 199 per 100,000. In this 
hospital-based extrapolation, the incidence of ISIS was calculated 
as 142 per 100,000 and the incidence of hemorrhagic stroke as 
41 per 100,000 (16). The stroke incidence calculated for Turkey 
from the GBD database was 141 (129-154) per 100,000 in 2015 
and 143 (131-156) per 100,000 in 2016, which was lower than 
this value. The same is true for ISIS [90 (79-102) per 100,000 in 
GBD 2015 and 92 (81-105) per 100,000 in GBD 2016] and for 

hemorrhagic stroke [35 (31-39) per 100,000 in GBD 2015 and 
2016, similarly].

As a result, the estimates made from the GBD system show 
some differences compared to the epidemiological data published 
in Turkey. Compared to the GBD estimate for Turkey in general, 
the prevalence of stroke is lower in Denizli central (9) and 
Karabuk central (11) regions, while it is higher in Istanbul rural 
(10), Akcakoca rural (12), and Ardahan central (16) regions. The 
incidence of stroke is higher in Cankirı (15). These differences are 
likely to be a reflection of geographical differences.

Mortality statistics of the Turkish Statistical Institute (TUIK) 
presented lower values than GBD estimates. According to TUIK 
data, the number of deaths from cerebrovascular events was 38,099 

Figure 3. Age-standardized stroke incidence and prevalence: Course over 30 years
Ischemic stroke (IS): While the age-standardized acute ischemic stroke (AIS) prevalence in our country was 1.009 per 100,000 in 1990, it decreased 
to 956 per 100,000 in 2019 with a total decrease by 5.4%. In other words, there was a stable course in the last 30 years. There was a net decrease in 
females (from 1,173 to 1,043 per 100,000, a decrease by 11.1%), while there was a slight increase in males (from 829 to 861 per 100,000, an increase by 
3.9%). [Top row, half right]. The age-standardized incidence of AIS varied slightly from 1990 to 2019, but generally remained stable (from 91 to 95 per 
100,000, an increase by 4.4%). Incidence decreased slightly in females (from 102 to 100 per 100,000, a decrease by 2.1%), while in males, it increased 
clearly (from 80 to 90 per 100,000, an increase by 12.5%) (top row, left half)
Intracerebral hemorrhage (ICH): While the age-standardized ICH prevalence (per 100,000) was 279 in 1990 in our country, it decreased to 235 with 
a decrease by 16% in 2019. The decrease in prevalence was evident in females. There was a decrease by 24% in females from 320 to 243 versus a decrease 
by 5% in males from 237 to 225 [Middle row, right half]. The age-standardized incidence of ICH (per 100,000) tended to decline from 1990 to 2019 
(a decrease by 12.5%, from 40 to 35). The reason for this was considered to be the apparent decline in females. There was a decrease by approximately 
21.5% from 42.8 to 33.6 per hundred thousand in females, while there was a decrease by approximately 2.4% from 37.4 to 36.5 or a relatively stable 
course in males (middle row, left half)
Subarachnoid hemorrhage (SAH): While the prevalence of age-standardized SAH (per hundred thousand) was 97.1% in 1990 in our country, it 
decreased to 78.4% in 2019 with a decrease by 19.3%. The decrease in prevalence was significant in females (a decrease by 27.2%, from 129.7 to 94.5 in 
females versus a decrease by 3.4% from 64.3 to 62.1 in males) [Bottom row, right half]. The age-standardized incidence of SAH (per 100,000) tended to 
decrease from 1990 to 2019 (a decrease by 18.8% from 18.6 to 15.1). The reason for this was the decrease in prevalence in females (from 22.9 to 16.1 in 
females, a decrease by 29.7%) (from 14.3 to 14.2 in males, a stable course) (bottom row, left half)
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(9% of all deaths) in 2017, while the GBD estimate was 48,776 
(95% uncertainty range-BA: 40,961-56,937) (17). In 2018, TUIK 
reported 36,280 (8.6% of all deaths) deaths from cerebrovascular 
events, while the GBD estimate was 48,415 (95% CI: 39,647-
57,765) (17). In 2019, TUIK reported the number of deaths due 
to cerebrovascular events as 36,706 (8.4% of all deaths), while 
the GBD estimate was 48,947 (95% CI: 39,204-59.511) (18). 
Identification problems may have contributed to this difference.

Conclusion
Based on the current population characteristics in Turkey, it is 

inevitable that acute stroke will continue to be an important public 
health problem. Acute stroke management should be improved; 
however, stroke prevention is a more important priority. Achieving 
this can only be possible with the widespread use of measures and 
lifestyle changes for vascular health. It is clear that the place to 
start this is with realistic epidemiological data. In this article, we 
present the most basic epidemiological view of Turkey from the 
GBD research page. We think that this data is a useful guide until 
the epidemiological studies that will be conducted directly in the 
field are published.
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Amaç: Akut inme sonrası çok erken dönemde prognozun değerlendirilmesine yardımcı olacak parametrelere halen ihtiyaç vardır. Nötrofil-lenfosit oranının 
(NLO) vasküler olaylarda prognostik bir gösterge olarak kullanılabileceği bildirilmiştir ancak zamanla ilişkili değişiklikleri yeterince araştırılmamıştır. Bu 
çalışmada iskemik inme hastalarında hastaneye ilk yatış günündeki NLO’nun inmenin klinik ağırlığı, hastanede kalış süresi, enfeksiyon gelişme riski gibi bazı 
klinik bulgular ve laboratuvar bulgularla ilişkili olup olmadığının ve günler içinde NLO’da değişiklik bulunup bulunmadığının araştırılması amaçlanmıştır.
Gereç ve Yöntem: Ardı ardına başvuran 80 iskemik inme hastasının sosyodemografik özellikleri, klinik verileri, laboratuvar sonuçları ve hastanedeki takip 
bilgileri retrospektif olarak değerlendirilerek önceden hazırlanan forma kaydedilmiş ve ilk başvuru gününde ve bundan en az beş gün sonra alınan kontrol 
kanlarından hesaplanan NLO arasında ilişki olup olmadığı istatistiksel olarak araştırılmıştır. Çalışma retrospektif sistem taraması olarak yapıldığından hastalardan 
onam alınmadı.
Bulgular: Farklı günlerde bakılan NLO oranları arasında farklılık izlenmemiştir (p=0,873). İnme şiddetine göre yapılan değerlendirmede; başvuru günündeki 
NLO kesme noktası 2,86 idi (sensitivite %88,9, spesifite %72,6). Hastane yatışı sırasında enfeksiyon gelişen ve gelişmeyen hastalar ayrı ayrı gruplanarak yapılan 
istatistik değerlendirmede enfeksiyon bulgusu izlenmeyen hastalarda NLO için belirlenmiş olan kesim noktası olan 2,86’nın sensitivite ve spesifitesinin daha 
yüksek olduğunu göstermiştir (sensitivite %100, spesifite %83). NLO 2,9’dan düşük hastaların yaş ortalaması, lökosit, trombosit değerleri, enfeksiyon gelişme 
riskleri ve hastanede yatış süreleri NLO ≥2,9 olanlardan istatistiksel açıdan anlamlı olarak daha düşük bulunmuştur.
Sonuç: Hastaneye ilk başvuru gününde hesaplanan NLO değerleri inmenin ağırlığının değerlendirilmesinde, hastanede yatış süresini ve yatış sırasında enfeksiyon 
gelişme riski yüksek olan hastaları öngörmede yararlı ve yeterli olabilir.
Anahtar Kelimeler: Nötrofil-lenfosit oranı, iskemik inme, prognoz

Objective: Prognostic predictors in the very early period of acute stroke are still needed. Neutrophil-lymphocyte ratio (NLR) was reported as a useful prognostic 
indicator for vascular diseases. However, its’ time-related changes are not sufficiently studied. In the present study, we aimed to investigate if the NLR at the first 
day of hospitalization is associated with some clinical and laboratory findings in patients with ischemic stroke and if they change in the following days.
Materials and Methods: The hospital data of 80 consecutive acute ischemic stroke patients were retrospectively documented and evaluated. NLR values 
that were calculated twice; on the day of admission and at least five days later, were compared to check if there are any significant changes. Since the study was 
conducted as a retrospective registry analysis, consent was not obtained from the patients.
Results: NLR ratios were similar in the two follow-up blood samples (p=0.873). In the evaluation according to stroke severity; the NLR cut-off point on the 
day of admission was 2.86 (sensitivity 88.9%, specificity 72.6%). This cut-off value showed a higher sensitivity and specificity in the cases who did not have an 
infection during hospital stay (sensitivity 100%, specificity 83%). Age, leukocyte and thrombocyte counts, risk of hospital infection and duration of hospital stay 
were significantly lower in the cases with NLR <2.9 than those with NLR ≥2.9.
Conclusion: NLR calculated on the first day of admission can be useful and adequate for assessing the severity of stroke, predicting the length of hospital stay 
and the risk of infection during hospitalization.
Keywords: Neutrophil-lymphocyte ratio, ischemic stroke, prognosis
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Introduction 
Stroke is one of the leading causes of mortality and morbidity 

all over the world. The vast majority of strokes are ischemic. In 
the pathophysiology of acute ischemic stroke, the inflammatory 
process with disruption of the blood-brain barrier, endothelial 
activation, release of proinflammatory and oxidant mediators, and 
leukocyte and platelet infiltration have important roles (1,2,3).

Stroke severity in the acute period is an important indicator 
for prognosis. Many systemic and neurological complications may 
develop in the early period of hospital stay after acute stroke and 
may deteriorate the clinical picture. These can both prolong the 
length of stay and worsen the prognosis by causing secondary 
damage. Many prognostic factors have been reported, but there 
is still a need for parameters to help evaluate prognosis at a very 
early stage.

The neutrophil-lymphocyte ratio (NLR) is an easily accessible, 
low-cost indicator of subclinical inflammation. It has been known 
for a long time that high NLR is a poor prognostic marker in 
patients with acute coronary syndrome (4,5,6,7,8). In some 
studies, conducted in recent years, it has been shown that NLR 
may also have prognostic value in acute ischemic cerebrovascular 
events (9,10,11,12,13).

In this study, it was investigated whether the NLR detected 
on the first day of hospitalization in patients with ischemic stroke 
was associated with clinical parameters such as severity of stroke, 
length of hospital stay, risk of infection, laboratory and imaging 
findings. In addition, the NLRs obtained from the complete blood 
counts (CBC) measured at least 5 days after the hospitalization day 
were calculated and it was evaluated whether they differed from 
the values obtained on the first hospitalization day.

Materials and Methods
In the study, the data of the patients who were admitted to 

the Gaziantep University Neurology Department consecutively 
between December 2015 and September 2016 within the first 5 
days after AIS were evaluated retrospectively.

Inclusion Criteria:
1. Diagnosis of AIS with brain imaging [brain computed 

tomography (CT) or diffusion magnetic resonance imaging (MRI)] 
and/or clinical findings.

2. Patients admitted within the first 5 days after the acute 
onset date.

3. No significant deficiencies in the medical records.
4. Aged >18 years old.
Exclusion Criteria:
1. Having a systemic disease that may cause a change in the 

parameters planned to be examined in whole blood count.
2. Using immunosuppressive therapy.
3. Being pregnant or in the postpartum period at time of 

admission.
4. Inability to access medical records.
5. Intravenous recombinant tissue plasminogen activator (IV 

rTPA) or endovascular intervention has been performed.
Sociodemographic and cardiovascular characteristics of all 

patients included in the study, known risk factors for stroke, 
drugs used before admission and during hospitalization, clinical 
information, CBCs on the day of hospitalization (within the 
first 5 days after stroke onset), electrocardiography (ECG), 

echocardiography (ECHO), Doppler ultrasonography (USG) 
findings and cranial MRI results were recorded on a pre-prepared 
form. The results of the second CBC repeated at least 5 days after 
the first CBC were also recorded on the same form. The National 
Institutes of Health Stroke scale (NIHSS) was used to evaluate the 
stroke severity of the patients at admission. The presence of signs 
of infection was determined according to the evaluation of clinical 
and laboratory findings and follow-up notes.

The NLRs in the blood sample collected at admission and in 
the control blood sample collected at least 5 days later in patients 
meeting inclusion criteria were calculated. The NLR was found by 
dividing the numerical value of the neutrophil count in the CBC 
by the numerical value of the lymphocyte count.

In order to investigate whether NLR changes at different 
times of AIS, the first and control NLRs in CBCs were statistically 
compared. It was statistically evaluated whether there was a 
relationship between the NLR values detected on the first day of 
hospitalization and clinical and laboratory findings.

In this study, statistical evaluations were completed and 
interpreted in a few steps:

i) Considering that the severity of stroke might have important 
effects on the results, it was planned to repeat some statistical 
analyses by grouping the patients according to the NIHSS scores 
determined according to the neurological examination findings 
at admission. Since patients who received thrombolytic and/or 
interventional treatment were excluded from the study, the NIHSS 
score ≤4 limit was not used in measuring the severity of stroke for 
statistical evaluations based on the severity of clinical symptoms. 
Instead, it was planned to determine a score that would allow 
statistical studies according to the NIHSS score distribution of 
the study group.

ii) Whether there was a significant cut-off point according to 
the severity of the stroke among the NLR values found was tested 
by receiver operating characteristic (ROC) analysis. Whether the 
presence of infection would change the cut-off point was also re-
evaluated by regrouping the patients with and without infection 
separately.

iii) Once a significant cut-off point for NLR was obtained, 
patients with values below the found cut-off point were grouped 
as Low NLR group, and those with values above the cut-off point 
were grouped as High NLR group. Statistical evaluations in 
terms of age, gender, smoking, medications, C-reactive protein 
(CRP), sedimentation, CBC, glucose, ECG, ECHO, Doppler 
USG findings, NIHSS scores and length of hospitalization were 
repeated.

Approval for the study was obtained from Gaziantep University 
Clinical Research Ethics Committee with the decision number 
07.06.2015/201 on 07.05.15.

Statistical Analysis
The conformity of the numerical data to normal distribution 

was determined by the Shapiro-Wilk test. Student's t-test was 
used for the comparison of normally distributed variables in 
2 independent groups, and Mann-Whitney U test was used for 
non-normally distributed variables. Paired Sample t-test was used 
to test the variation at different times in order to evaluate the 
dependent variables with normal distribution. The relationship 
between categorical variables was tested by using chi-square 
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analysis. Pearson correlation analysis was used to determine 
the relationships between numerical variables. Multiple linear 
regression analysis was used to determine the variables affecting the 
numerical dependent variables. In order to diagnose with the help 
of a numerical variable, the cut-off point determination processes 
were performed with ROC analysis. SPSS 22.0 package program 
was used in the analysis. P<0.05 was considered significant.

Results
A total of 80 patients were included in the study according to 

inclusion and exclusion criteria. The ages of 44 (55%) female and 
36 (45%) male patients included in the study were between 23 
and 88 (63.6±15.2 years). The demographic data of the patients 
are summarized in Table 1.

Sixteen patients (20%) had no known disease history. In 
addition to 10 patients who had known atrial fibrillation (AF) at 
the time of admission, AF was detected in 5 more patients during 
hospital stay. Fourty-five patients (56.3%) had more than one 
previously known disease (Table 1).

Sixty-two patients (77.5%) had their first ischemic stroke, 
18 (22.5%) had recurrent ischemic stroke. Thirty patients had a 
stroke while using antiaggregant therapy and 5 patients suffered 
stroke while receiving anticoagulant therapy.

The location of acute infarction was hemispheric (25 lacunar 
syndrome) in 69 patients (86.3%), and brain stem in 8 patients 
(10%). No abnormality was detected in brain CT and/or brain 
diffusion MRI in 3 of the patients. According to their the medical 
records, these patients presented with clinical symptoms consistent 

with ischemic stroke, such as very acute onset and findings that 
would be explained by an artery area.

The NLR on admission day was 3.5±2.9, and the control NLR 
calculated at least 5 days later was 3.4±3.3 (p=0.873) (Table 2).

The cut-off value for NLR in the study group was determined 
as 2.86 [sensitivity 88.9% (95% confidence interval (CI): 65.3-
99.6), specificity 72.6% (95% CI: 59.8-83.1)], (area under the 
curve 0.830±0.0462). NLR was less than 2.9 in 46 (57.5%) 
patients (low NLR group), and it was 2.9 or higher in 34 patients 
(42.5%), (high NLR group).

The mean age, NIHSS scores, CRP, sedimentation, leukocyte 
and thrombocyte counts, and length of hospitalization of the 
patients in the high NLR group were significantly higher than 
those in the low NLR group (p=0.040, p=0.001, p=0.004, 
p=0.003, p=0.001, p=0.011 and p=0.001, respectively) (Table 
3). There was a significant relationship between lesion location 
and NLR groups. NLR was found to be higher in patients with 
large lesions in hemispheric major arterial areas (p=0.001). There 
was no correlation between NLR and gender, smoking, previous 
medications, hematocrit, glucose level, presence of AF, left 
ventricular hypertrophy in ECHO, and Doppler findings.

When the patients were evaluated according to the presence 
of infection, signs of infection were observed in 24 of 80 patients, 
and no sign of infection was observed in 56 patients. A higher rate 
of infection was observed during hospitalization in the high NLR 
group than in the low NLR group (p=0.001). The sensitivity and 
specificity of the cut-off point (2.86) for NLR was found to be 
higher in patients without signs of infection [sensitivity 100% 
(95% CI: 29.2-100.0), specificity 83% (95% CI: 70.2%-91,9)]. 
When the group with signs of infection was evaluated alone, no 
cut-off point could be determined for NLR (Figures 1, 2).

The NIHSS scores were between 0 and 8 in the majority of 
the patient group. Considering the distribution characteristics 
of the study group according to the NIHSS scores, the patients 
were divided into two groups as patients with NIHSS score ≤8 
and patients with NIHSS score ≥9 for statistical evaluations to be 
made according to the severity of clinical symptoms. The NIHSS 
score of 62 subjects was ≤8 (3.6±1.8), and the NIHSS score of 
18 subjects was ≥9 (15.1±3.6). Mean age was significantly higher 
and length of hospital stay was significantly longer in the patients 
with NIHSS score ≥9 (70.8±1.8 and 22.1±13.4, respectively) 
compared to patients with NIHSS score ≤8 (61.5±15.5 and 
12.4±8.8, respectively) (p=0.017 and p=0.001, respectively). No 
significant difference was observed in terms of other parameters 
(gender, smoking, drugs used, glucose, hematocrit, presence of AF, 
ECO and Doppler findings).

Regression analyses showed a positive correlation between 
length of hospital stay and high CRP and NIHSS scores 
(R2=32.4%; beta=0.13, p=0.001 and beta=0.45, p=0.045, 
respectively). There was a positive correlation between NIHSS 

Table 1. Demographic data of patients
Number %/mean ± SD*

Gender (F/M) 44/36 55/45

Age (years) 23-88 
years 63.6±15.2*

Dominant hand (right/left) 73/7 91.3/8.8%*

Alcohol use 2 2.5% 

Cigarette use 19 23.8% 

Oral contraceptive use 2 2.5% 

Length of stay (days) 3-60 14.61±10.7*

NIHSS score 1-24 6.24±5.3*

History of cerebrovascular 
accident (ischemic) 18 22.5% 

Other known additional chronic diseases

Hypertension 42 52.5% 

Diabetes 24 30% 

Coronary artery disease 20 25% 

Atrial fibrillation 10 12.5% 

Heart valve disease 6 7.5% 

Congestive heart failure 5 6.3% 

Multiple diseases 45 56.2%

Other 18 22.5%
Mean ± SD, NIHSS: The National Institutes of Health Stroke scale, F: Female, M: 
Male, SD: Standard deviation

Table 2. Comparison of neutrophil-lymphocyte ratios
Number Mean ± SD* p

N/L (1st value)1 80 3.5004±2.92170
0.873

N/L (2nd value)2 80 3.4474±3.37959
*Mean ± standard deviation; 1NLR calculated from complete blood count taken 
at initial admission; 2NLR calculated from complete blood count taken at least 5 
days after the first blood sampling, NLR: Neutrophil-lymphocyte ratios
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scores and NLR and sedimentation (R2= 11.2%; beta= 0.715, 
p=0.005 and beta=0.066, p=0.022, respectively).

Discussion
In our study, it was observed that patients with high NLR had a 

longer hospital stay, higher susceptibility to infections, and higher 
NIHSS scores. These results suggested that the NLR calculated on 
the first admission day in AIS might be a prognostic indicator for 
the early period.

One of the limitations of the studies with NLR is the concern 
that changes due to infectious diseases may affect the results. 
Urinary and respiratory system infections may be encountered 
frequently during hospital follow-up of patients with ischemic 
stroke. The risk of developing infection increases in clinically 
severely affected patients and in case of longer hospital stay. In this 

case, the possibility that NLR varies according to hospitalization 
period in studies including patients with stroke, as in our study, 
is a problem that should be taken seriously. It can be said that one 
of the important findings of this study is that the NLR calculated 
from the blood sample taken in the very early stages of ischemic 
stroke and the NLR calculated from the blood sample taken in the 
following days are similar. This finding suggests that NLR in the 
early period can be highly determinative in predicting the later 
process.

The NIHSS is a widely used scale to determine the severity of 
stroke in acute strokes and to provide a numerical value. In our 
study, NLR showed a significant positive correlation with NHISS 
score. Similar to the results of our study, a positive correlation 
between the severity of stroke and NLR was reported previously 

Table 3. Comparison of high and low NLR groups in terms of numerical variables
(Cut-off point for NLR: 2.86)

Low N/L ratio group
(n=46)
Mean ± standard deviation

High N/L ratio group
 (n=34)
Mean ± standard deviation

P value

Age 60.7±14.6 67.7±15.2 0.040

NIHSS score 3.8±2.9 9.50±6.1 0.001

Length of stay 10.9±6.2 19.6±13.5 0.001

CRP 4.7±5.7 29.6±46.1 0.004

Sedimentation 24.3±14.2 40.5±23.9 0.003

Leukocyte count 7605.9 ±1956.4 10620.9±3637.6 0.001

Platelet count 270978.3±78569.9 338617.7±132656.3 0.011
NLR: Neutrophil-lymphocyte ratios, n: Number, CRP: C-reactive protein, NIHSS: The National Institutes of Health Stroke scale

Figure 1. ROC analysis for NLR in all patients by NIHSS groups
NLR: Neutrophil-lymphocyte ratios, NIHSS: The National Institutes of 
Health Stroke scale, ROC: Receiver operating characteristic

Figure 2. ROC analysis for NLR by NIHSS groups in patients without 
evidence of infection
NLR: Neutrophil-lymphocyte ratios, NIHSS: The National Institutes of 
Health Stroke scale, ROC: Receiver operating characteristic
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(13). In another study, it was stated that infarct volume, NLR, 
and NIHSS score were independent indicators of 30-day mortality 
(10). In addition, it was observed that infarct volume showed a 
positive correlation with NLR (10). In our study, infarct volume 
wasn’t measured, however, the NLR was found to be higher in 
hemispheric major arterial area infarcts compared to hemispheric 
lacunar infarcts and brain stem infarcts.

Regression analyses showed that NIHSS score and CRP were 
independent risk factors for length of hospital stay in our study 
group. The reciprocal correlation of NLR and NIHSS score was 
also among the important findings of this study. These findings 
may suggest that high NLR is indicative of very early responses 
to stroke. However, these findings may also indicate that NLR is 
elevated in some patients before the occurance of stroke, during 
the process that predisposes to stroke and includes at least some 
inflammatory features. More knowledge is needed to explain and 
evaluate these relationships.

In our study, the cut-off point that could be used to predict 
clinical status and prognosis was determined as 2.86. This cut-off 
point was found to be similar for the entire patient group when 
patients with infection were excluded and only those without 
infection were included (2.86). Moreover, the calculated value 
appeared to have a higher sensitivity and specificity in patients 
without infection. In a meta-analysis, it was reported that NLR 
was predictive for 3-month mortality, independent of pneumonia, 
which is one of the most common infections after stroke (12). The 
results of this meta-analysis support our findings.

The presented study, showed that infection developed more 
frequently during hospital stay in patients with high NLR. 
Considering that the aforementioned NLRs belonged to the blood 
samples taken at the very early stage of the acute event, it could 
be said that NLR at admission is a parameter that can enable us 
predict which patients are prone to infection during hospital stay.

Study Limitations
The limitations of the study are the following: the study is 

retrospective, the second blood sample was not taken on the same 
day for each patient even if they were taken at least five days after 
the first blood sampling, some subgroups were not homogenized 
because the study included all consecutive patients, and the 
etiological classification of the patients included in the study was 
also retrospective. The lack of use of modified Rankin Scale in this 
study might create a limitation for the assessment of disability. 
In addition, choosing the NIHSS score thresholds different from 
the ones we determined or using a different assessment scale when 
grouping patients according to stroke severity might have changed 
the results and yielded different results.

Conclusion
As a result, the NLR obtained at admission to the emergency 

department, in the very early period of AIS was found to be similar 
to the NLR in the control blood sampling at least 5 days later. The 
NLR calculated at admission to the in AIS may be a prognostic 
indicator for the assessment of stroke severity, length of hospital 
stay, and risk of infection in stroke patients. However, more 
knowledge is needed in this area.
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Amaç: Multipl sklerozlu (MS) hastalarda beyin omurilik sıvısındaki (BOS) oligoklonal bantlar (OKB) ile klinik profil arasındaki ilişki henüz net değildir. Bu 
çalışmada, MS’li hastalarda OKB ile klinik ve manyetik rezonans görüntüleme (MRG) özellikleri arasındaki ilişkiyi araştırmayı amaçladık.
Gereç ve Yöntem: Hastalığın başlangıcından itibaren ilk 3 ayda MS tanısı alan 18-65 yaş arası hastalar dahil edildi. OKB pozitif ve negatif hastaların klinik 
(cinsiyet, hastalığın başlangıç yaşı, klinik prezentasyon ve hastalık alt tipi) ve MRG özellikleri ile tedavi rejimi seçimi arasındaki fark değerlendirildi. Hastaların 
verileri retrospektif olarak hastane kayıtlarımızdan elde edildi.
Bulgular: Çalışmaya kriterleri karşılayan 64 hasta dahil edildi. Elli OKB pozitif (grup 1) MS’li hasta ve 14 OKB negatif (grup 2) MS’li hastadan iki grup 
oluşturuldu. BOS parametrelerinden hücre sayısı (p=0,001) ve IgG indeksi OKB (+) hastalarda OKB (-) hastalara göre istatistiksel olarak anlamlı derecede 
yüksekti (p<0,001). MRG’de, OKB (-) hastalara göre OKB (+) hastalarda alt servikal spinal segmentte daha fazla sayıda lezyon saptandı. Hastalığın seyri, ilk atak 
semptomları ve ciddiyeti, nüks oranı veya hastalık modifikasyon terapisi ile ilişkili olarak OKB pozitif ya da negatif MS’li hastalar arasında önemli bir fark yoktu.
Sonuç: Çalışmamızda MS’li hastalarda OKB varlığının servikal MRG’yi olumsuz etkilediği gösterilmiştir. Bu sonuçlar doğrultsunda MS’li hastalarda bu ilişkiyi 
inceleyen daha büyük çalışmalara ihtiyaç vardır.
Anahtar Kelimeler: Multipl skleroz, biyobelirteçler, oligoklonal bantlar, görüntüleme

Öz

Objective: The data for oligoclonal bands (OCB) in cerebrospinal fluid (CSF) and their association with clinical profiles of patients with multiple sclerosis (MS) 
are limited. In this study, we aimed to investigate the relationship between OCB and clinical and magnetic resonance imaging (MRI) features in patients with MS.
Materials and Methods: Patients between the ages of 18-65 who were diagnosed as having MS in the first 3 months of the onset of the disease were included. 
The difference between the clinical (gender, age of onset of disease, clinical presentation and subtypes of disease) and MRI characteristics as well as the choice of 
the treatment regimen of OCB-positive and negative patients were evaluated. The data of the patients were obtained retrospectively from our hospital records.
Results: Sixty-four patients who met the criteria were included in the study. Two groups were formed. Group 1 involved 50 OCB positive patients with MS and 
group 2 involved 14 OCB negative patients with MS. In CSF parameters, cell number (p=0.001), and IgG index were statistically significantly higher in OCB (+) 
patients compared to OCB (-) patients (p<0.001). In MRI, higher lesion number in the lower cervical spinal segment was found in OCB (+) patients compared 
to OCB (-) patients. There were no significant differences between OCB (+) and (-) patients with MS in relation to the course of the disease, symptoms of the first 
attack and severity, relapse rate, or disease modifying therapy. 
Conclusion: Our results showed that the presence of OCB had a negative effect on MRI in patients with MS. Larger studies are warranted in patients with MS.
Keywords: Multiple sclerosis, biomarkers, oligoclonal bands, imaging

Abstract

Introduction
Multiple sclerosis (MS) is an autoimmune disease of the central 

nervous system that affects young adults. In contrast to the earlier 
traditional T-cell model, the current concept of pathogenesis 
includes that T and B-lymphocytes are involved in coexisting 
processes (1). Successful responses to B-cell-mediated therapies 

have prompted curiosity about the effects of B-lymphocytes on MS 
disease (2). The presence of immunoglobulins produced by B-cells 
in the cerebrospinal fluid (CSF) is one of the most consistent 
findings in MS.

The subtypes of MS are relapsing-remitting (RR), secondary 
progressive (SP), progressive-relapsing (PR), and primary 
progressive (PP). There is no clear indication in which subtype the 
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disease will progress (3). However, a clinician has some clues to 
predict prognosis in MS. The initial progressive course, higher basal 
Expanded Disability Status Scale (EDSS) scores, greater number of 
functional systems affected at disease onset, higher residual deficits 
in the pyramidal, visual, sphincteric, and cerebellar systems, 
and the shortest first inter-attack interval are consistent factors 
associated with a worse prognosis in MS (4). However, studies 
are still being conducted to understand whether biomarkers or 
imaging techniques can contribute to prediction. As a result of 
these studies, it has been suggested that cerebral atrophy and CSF 
markers may be associated with disease progression (5,6,7).

The diagnosis of MS is complex due to the heterogeneity 
of the disease. The diagnostic criteria are mainly based on the 
evaluation of clinical, imaging and laboratory findings described 
in the “McDonald criteria”, which have been gradually updated 
over the years (2005, 2010 and 2017). The McDonald criteria 
emphasize that CSF examination is “a valuable diagnostic test”, 
particularly when clinical evaluation and imaging techniques do 
not provide sufficient evidence for a diagnosis of MS or in the 
presence of PP-MS. In addition, in the most recent revision of the 
McDonald criteria, the detection of oligoclonal bands (OCB) in 
CSF examination contributes to the diagnosis of MS by fulfilling 
the criterion of dissemination in time (8). Besides its diagnostic 
significance, there is still no consensus on whether they affect the 
clinical character of the disease. 

There are limited number of studies conducted in Turkey on 
OCB in MS in the literature. In this study, we investigated the 
effect of OCB on the clinical character of the disease, magnetic 
resonance imaging (MRI), and preference for disease-modifying 
therapy (DMT).

Materials and Methods

Clinical Data
We included patients who were diagnosed as having MS 

(according to the revised 2017 McDonald criteria) after enrollment in 
our clinic and whose medical records were completed between 2017-
2019. Patients’ demographic and clinical data (gender, age at onset, 
clinical presentation, subtypes of disease including RR, SP, PR, and 
PP MS, EDSS, MRI, and CSF findings) were retrospectively obtained 
from our hospital records. We also investigated the relationship 
between OCB status and DMT preference. Patients with suspicious 
MS, clinically isolated syndrome, history of previously diagnosed MS, 
or whose serum and CSF samples were collected after intravenous 
methylprednisolone treatment during relapse were excluded from the 
study. The study was approved by the Ethics Committee of University 
of Health Sciences Turkey, Istanbul Bagcilar Training and Research 
Hospital (decision no: 2020.12.2.01.201, date: 25.12.2020). All 
subjects gave written informed consent for the study.

OCB detection in CSF
The OCB detection was performed by isoelectric focusing, with 

each step performed according to the manufacturer’s instructions. 
OCB positivity was defined as two or more bands present in CSF 
and not in serum.

MRI Evaluation 
The MRI images of patients within 3 months of disease onset 

were analyzed. Images were obtained in 1.5 Tesla MRI with a 

contiguous section thickness of 3 mm. The number of lesions on 
the T2-weighted images and the number of Gd-enhancing lesions 
on brain MRI were assessed. The number of lesions (0, 1, ≥2) 
and the presence of Gd enhancement on MRI of the spinal cord 
(upper cervical spine, lower cervical spine, and thoracic spine) were 
recorded.

Treatment Regimens
After diagnosis, the selected treatment regimens in patients 

were classified as follows: First line; interferon, glatiramer acetate, 
teriflunamide, dimethyl fumarate, second line; fingolimod, 
natalizumab, ocrelizumab, and the 3rd line.

Statistical Analysis
Statistical analyses were performed using IBM SPSS (Statistics 

Package Program for Social Sciences) version 24.0 (IBM 
Corporation, Armonk, NY, USA). The direction and significance 
of association between variables were assessed using chi-square 
test (Fisher’s exact test and Linear-by- Linear Association, where 
appropriate). Mann-Whitney’s U test as a non-parametric test 
was used to compare variables between two groups. Continuous 
variables were expressed as mean ± standard deviation, categorical 
data as numbers and percentages. When continuous variables were 
analyzed across groups, normality analyses were performed using 
Kolmogorov-Smirnov Goodness from fit test. A p value less than 
0.05 was accepted as statistical significance.

Results
Sixty-four patients (age 16-58 years, disease duration 3-144 

months) met the required criteria. Fifty (78.12%) were OCB 
positive (group 1) and 14 (21.88%) were OCB negative (group 
2). All patients in group 1 had type 2 positivity. Routine CSF 
analysis revealed that the mean white blood cell count (6.81±7.31 
and 1.25±1.35, respectively) and IgG index (1.79±1.76 and 
0.51±0.07, respectively) were statistically significantly higher 
in group 1 compared to group 2 (p<0.001) (Table 1). There was 
no statistically significant difference between groups in terms of 
age at onset, gender, symptoms at onset, EDSS at OCB sampling, 
number of relapses, and presence of MS subtypes (RRMS, SPMS, 
PPMS, PRMS) (p>0.05) (Table 1, Figure 1).

One patient from each group refused to receive DMT. 
Treatment decisions for the remaining patients are shown in Table 
2. In group 1, 91.8% received first-line therapy and 8.2% received 
second-line therapy. In group 2, 92.3% of patients received first-
line therapy, while 7.7% of patients received second-line therapy. 
Third-line therapy was not required in either group. There was no 
statistically significant difference between the groups in terms of 
treatment choice (p>0.05) (Table 2).

The groups were compared in terms of the number of plaques 
in the cranial MRI. Of group 1 50% had >10 lesions, while this 
rate was 21.4% in group 2 (Table 3). The rate of cranial contrast 
enhancement was higher in group 1 (44.0% vs. 28.6%) than in 
group 2. The total number of lesions and the number of enhancing 
lesions in the cranial MRI were not different between groups 
(p>0.05) (Table 2). 

In the upper cervical spinal MRI, 42.0% of group 1 had at 
least one lesion, whereas this rate was 28.6% in group 2. At least 
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1 contrast enhancing lesion was present in 10% of group 1 and in 
7.1% of group 2. The total number of lesions and the number of 
contrast enhancing lesions in the upper cervical spinal cord were 
not different between groups (p>0.05) (Table 4).

In the lower cervical spinal MRI, 28% of group 1 had at least 
one lesion, this rate was only 14% in group 2. The difference was 
statistically significant (p=0.006). At least 1 contrast enhancing 
lesion was present in 8% of group 1 and 0% of group 2. The 
number of contrast enhancing lesions in the lower cervical spinal 
cord was not different between groups (p>0.05) (Table 4).

In thoracic MRI, 38% of group 1 had at least 1 lesion, while 
this rate was 35.7% in group 2. At least 1 contrast enhancing 
lesion was present in 8% of group 1 and 14.3% of group 2. The 
total number of lesions and the number of contrast enhancing 
lesions in the thoracic spinal cord were not different between 
groups (p>0.05) (Table 5).

Discussion
The result of this study was that the OCB-positive rate in our 

MS cohort was 78.12%. Different results have been reported in 
studies on the frequency of OCB positivity in patients with MS. 
The frequency of OCB positivity reaches up to 95% in Northern 
Europe (9,10,11). In contrast, a higher rate of OCB negativity 
has been reported from Eastern and Far Eastern countries, 
suggesting that there may be an association between genetic 
and environmental factors and OCB (12). More recently, Lu et 
al. (13) reported that OCB was positive in 60% of patients with 
MS diagnosed according to the McDonald 2017 criteria in two 
independent cohorts from Southern China. The number of studies 
on OCB in patients with MS in Turkey is quite limited. In a study 
by Ellidag et al. (14) from Turkey which included 40 patients with 
MS, the negativity rate of OCB was 40%. In another study from 
Turkey, Idiman et al. (15) found a negativity rate of 14.3% in their 
cohort of 210 patients with MS. 

In the present study, no difference was found between the 
demographic characteristics of OCB (-) and OCB (+) patients with 
MS in terms of age at onset, clinical features at onset, number of 
attacks at 2-year follow-up, and subtypes of the disease. OCB status 
was also found to have no effect on treatment regimens. Lu et al. 
(13) reported that OCB-negative patients had a later age of onset 

Table 1. Comparison of demographic and clinical 
parameters of patients with MS according to OCB status

OCB 
negative
(n=14)

OCB 
positive
(n=50)

p

Onset age (year)  
(mean ± SD) 34.42±12.45 33.37±10.20 0.853*

Sex (female/male) 11/3 35/15 0.739**

EDSS 2.07±1.20 2.01±1.03 0.875*

Number of attacks 1.78±0.69 1.48±0.61 0.118*

Cell count 1.79±1.76 6.81±7.31 0.001*

IgG index 0.51±0.07 1.25±1.35 <0.001*

RRMS (negative/positive) 1/13 1/49 0.392**

SPMS (negative/positive) 13/1 49/1 0.392**

PPMS (negative/positive) Negative in all patients

PRMS Negative in all patients
*Mann-Whitney U test, **hi square test (Fisher’s exact test). EDSS: Expanded 
Disability Status Scale, RRMS: Relapsing remitting multiple sclerosis, SPMS: 
Secondary progressive multiple sclerosis, PPMS: Primer progressive multiple 
sclerosis, PRMS: Progressive relapsing multiple sclerosis, OCB: Oligoclonal 
bands, SD: Standard deviation

Table 2. Comparison of OCB status and treatment regimens
OCB 
positive
(n=49)

OCB 
negative
(n=13)

Total
(n=62)

p

Treatment 
regimens (n, %)
First line
Second line 
Third line 

45 (91.8)
4 (8.2)
-

 

12 (92.3)
1 (7.7)
None

 

57 (91.23)
5 (8.77)
-

 1.000*

*Chi-square test, first line = interferon beta-1A/beta-1B, glatiramer acetate, 
teriflunamide, dimethyl fumarate; second line = fingolimod, natalizumab
(1 patient in each group = treatment refusal). OCB: Oligoclonal bands

Table 3. Comparison of cranial MRI lesions and contrast 
enhancement according to OCB positivity

OCB 
negative
(n=14)

OCB 
positive
(n=50)

Total
(n=64)

p

Number of cranial 
plaques (n, %)
<5
5-10
11-20
>20

3 (21.4)
8 (57.1)
2 (14.3)
1 (7.1)

7 (14.0)
18 (36.0)
15 (30.0)
10 (20.0)

10 (15.6)
26 (40.6)
17 (26.6)
11 (17.2)

0.092*

Number of cranial 
lesions with contrast 
enhancement (n, %)
0
1-5
>5

10 (71.4)
4 (28.6)
0 (0.0)

28 (56.0)
17 (34.0)
5 (10.0)

38 (59.4)
21 (32.8)
5 (7.8)

0.190*

*Chi-square test (Linear-by-Linear Association). OCB: Oligoclonal bands, MRI: 
Magnetic resonance imagingFigure 1. Clinical presentation of the groups
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compared with positive patients, but there were no significant 
clinical differences in their MS cohort. In a study investigating the 
relationship between disease subtype and OCB, negativity of OCB 
was observed more frequently in patients with PPMS compared 
to RRMS (6). In a recent study, positivity of OCB was associated 
with poor prognosis, both physically and cognitively (16). On the 
other hand, there were studies that concluded that OCB status 
was not associated with poor prognosis or even had no prognostic 
value (17,18,19). Moreover, Rojas et al. (20) observed that OCB-
positive patients had a better prognosis and less disability during 
follow-up than OCB-negative patients. Regarding studies in 
Turkey, Ellidag et al. (14) reported that there was no difference 
between OCB-positive and -negative groups in terms of age and 
gender. Although the clinical characteristics of the patients were 
not considered in the mentioned study, it was reported that OCB 
had no effect on neurophysiological evaluations (visual evoked 
potentials, sensory evoked potentials). Conversly, Idiman et al. 
(15) found that patients with MS with OCB in the CSF were 

predominantly female and had a better clinical prognosis and less 
disability. When the treatment regimens were compared, there 
was no difference between OCB (+) and OCB (-) patients withMS, 
as in our study.

Studies investigating the association between OCB and MRI 
are limited. A study of a cohort of Italian patients with MS 
showed a lack of correlation between lesion distribution and OCBs 
(21). Mesaroc et al. (22) showed in their study that there was no 
significant difference between OCB (+) and OCB (-) patients in 
terms of cranial lesion size and atrophy. Zeman et al. (11) also 
found no significant difference in total brain MRI lesions between 
OCB (+) and (-) patients. In another study, no difference was 
found between OCB (+) and (-) patients in terms of size, number, 
range, and width of MRI lesions (23). Karrenbauer et al. (24) also 
found that OCB positivity did not increase the risk of MRI lesion 
burden. In contrast to these studies, studies showing that OCB 
positivity had an effect on MRI were also available in the literature. 
Heinonen et al. (25) found a correlation between plaque volume 

Table 4. Comparison of cervical MRI lesions and contrast enhancement according to OCB positivity
OCB negative
(n=14)

OCB positive
(n=50)

Total
(n=64)

p

Number of upper cervical spine plaques (n, %)
0
1
≥2

10 (71.4)
2 (14.3)
2 (14.3)

29 (58.0)
11 (22.0)
10 (20.0)

39 (60.9)
13 (20.3)
12 (18.8)

0.425*

Number of upper cervical spine lesions with contrast enhancement (n, %)
0
1
≥2

13 (92.3)
1 (7.1)
0 (0.0)

45 (90.0)
4 (8.0)
1 (2.0)

58 (90.6)
5 (7.8)
1 (1.6)

0.657*

Number of lower cervical spine plaques (n, %)
0
1
≥2

12 (85.7)
2 (14.3)
0 (0.0)

30 (60.0)
14 (28.0)
6 (12.0)

42 (65.6)
16 (25.0)
6 (9.4)

0.006*

Number of lower cervical spine lesions with contrast enhancement (n, %)
0
1
≥2

14 (100.0)
0 (0.0)
0 (0.0)

46 (92.0)
3 (6.0)
1 (2.0)

60 (93.8)
3 (4.7)
1 (1.6)

0.307*

*Chi-square test (Linear-by-Linear Association). OCB: Oligoclonal bands, MRI: Magnetic resonance imaging

Table 5. Comparison of thoracic MRI lesions and contrast enhancement according to OCB positivity

OCB negative
(n=14)

OCB positive
(n=50)

Total
(n=65)

p

Number of thoracic spine plaques (n, %)
0
1
≥2

9 (64.3)
4 (28.6)
1 (7.1)

31 (62.0)
11 (22.0)
8 (16.0)

40 (62.5)
15 (23.4)
9 (14.1)

0.616*

Number of thoracic spine lesions with contrast enhancement (n, %)
0
1
≥2

12 (85.7)
2 (14.3)
0 (0.0)

46 (92.0)
3 (6.0)
1 (2.0)

58 (90.6)
5 (7.8)
1 (1.6)

0.695*

*Chi-square test (Linear-by-Linear Association). OCB: Oligoclonal bands, MRI: Magnetic resonance imaging
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on cranial MRI and intrathecal IgG index in patients with MS. 
There are studies showing that OCB positivity is associated with 
periventricular lesions (26,27). Farina et al. (16) showed that there 
was an association between increased cortical lesion load and OCB 
positivity in MS (15). Ferreira et al. (28) showed that patients with 
MS without OCB in the CSF had less global and regional brain 
atrophy. In our study, we compared the lesion burden on cranial 
and cervical MRI of patients with clinically definite MS with their 
OCB status. In terms of cranial lesion burden, although there was 
no statistical difference in our study, it was remarkable that OCB 
(+) patients had higher scores than OCB (-) patients. In the cervical 
spinal cord, OCB status did not differ in terms of the number of 
lesions and contrast enhancement in the upper segments of the 
cervical spinal cord. However, in the lower cervical spinal cord 
segments, a statistically significant difference was found between 
OCB (+) patients and OCB (-) patients. In terms of the clinical 
importance of the lower cervical spinal segment, it has been 
reported that the involvement of this region in patients with MS 
is associated with disability (29,30). Therefore, if OCB positivity 
causes more lesions in the lower cervical spine, which is a critical 
region in patients with MS, OCB positivity can be considered as a 
poor prognostic factor.

Conclusion 
The number of studies investigating negativity of OCB in MS 

is limited. In this regard, data from Turkey are also insufficient. 
Since OCB negativity is in the minority of patients with MS, 
it is difficult to understand the effect of OCB in MS with this 
insufficient number of patients. The small number of OCB-
negative patients was also a limitation in our study. Nevertheless, 
our study showed that OCB was associated with the number of 
lesions in the lower cervical segment of the spinal cord, which is 
a poor prognostic factor. Another limitation of our study could 
be its retrospective nature. In particular, MRI could have been 
performed with different protocols. Further randomized studies 
with a comprehensive follow-up are needed to understand this 
phenomenon.
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Objective: Multiple sclerosis (MS) is a chronic disease of the central nervous system that is usually diagnosed at the working-age (20-45 years) and can negatively 
affect patients’ job performance and ability in work. The purpose of this study was to investigate occupational, individual, and disease-related factors in the return 
to work in patients with MS.
Materials and Methods: This study was performed on all patients with clinically definite MS according to the McDonald criteria who were referred to a 
neurology clinic from September 2019 to April 2020. The Health and Safety Executive Questionnaire and Multidimensional Fatigue Inventory Questionnaire 
were used to assess job stress and fatigue level. Level of disability was assessed in patients through the validated version of the Expanded Disability Status Scale 
(EDSS). Based on the patients’ return to work status, individuals were divided into two groups: the patients who returned to work (full time, part-time) and who 
did not return to work. Then, these two groups were compared in terms of occupational, individual, and disease-related factors. 
Results: Of 191 patients with MS, 127 (64%) returned to work after one year of diagnosis. The rate of returning to work was higher among younger patients, 
males and patients with the relapsing-remitting MS. Physical jobs, moderate level of neurological disability (EDSS >3) and severe fatigue were independently 
associated with unemployment.
Conclusion: Findings of our study showed that older age, female gender, having a physical job, neurological disability, and severe fatigue were associated with 
no return to work in MS patients. Due to the high prevalence of MS in young people at working age, facilitating employment, adjusting factors related to the 
work environment, and support of colleagues and supervisors can play an important role in reducing stress and improving the general condition of the disease in 
these patients.
Keywords: Central nervous system, fatigue, multiple sclerosis, return to work, worker

Amaç: Multipl skleroz (MS), genellikle çalışma çağında (20-45 yaş) teşhis edilen ve hastaların iş performanslarını ve çalışma becerilerini olumsuz etkileyebilen 
merkezi sinir sisteminin kronik bir hastalığıdır. Bu çalışmanın amacı, MS’li hastalarda işe dönüşte mesleki, bireysel ve hastalıkla ilgili faktörleri araştırmaktır.
Gereç ve Yöntem: Bu çalışma, Eylül 2019’dan Nisan 2020’ye kadar bir nöroloji kliniğine sevk edilen McDonald kriterlerine göre klinik olarak kesin MS’li 
hastalar üzerinde gerçekleştirildi. Sağlık ve Güvenlik Yöneticisi anketi ve Çok Boyutlu Yorgunluk Envanteri anketi iş stresi ve yorgunluk düzeyini değerlendirmek 
için kullanıldı. Engellilik düzeyi, Genişletilmiş Sakatlık Durum Ölçeği’nin (EDSS) doğrulanmış versiyonu aracılığıyla hastalarda değerlendirildi. Hastaların işe 
dönüş durumuna göre bireyler işe dönen (tam zamanlı, yarı zamanlı) ve işe dönmeyen hastalar olarak iki gruba ayrıldı. Daha sonra bu iki grup mesleki, bireysel ve 
hastalıkla ilgili faktörler açısından karşılaştırıldı.
Bulgular: MS’li 191 hastadan 127’si (%64) tanı konulduktan bir yıl sonra işine döndü. İşe dönüş oranı genç hastalarda, erkeklerde ve relaps ve remisyonlarla 
seyreden MS’li hastalarda daha yüksekti. Fiziksel işler, orta düzeyde nörolojik özürlülük (EDSS >3) ve şiddetli yorgunluk bağımsız olarak işsizlikle ilişkilendirildi.
Sonuç: Çalışmamızın bulguları, ileri yaş, kadın cinsiyet, fiziksel bir işe sahip olma, nörolojik dizabilite ve şiddetli yorgunluğun MS’li hastalarda işe geri 
dönmeme ile ilişkili olduğunu göstermiştir. Çalışma çağındaki gençlerde MS prevalansının yüksek olması nedeniyle, istihdamı kolaylaştırıcı çalışma ortamına 
ilişkin faktörlerin ayarlanması, meslektaşların ve yöneticilerin desteği, bu hastalarda stresin azaltılmasında ve hastalığın genel durumunun iyileştirilmesinde 
önemli rol oynayabilir. 
Anahtar Kelimeler: Merkezi sinir sistemi, yorgunluk, multipl skleroz, işe dönüş, işçi
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Introduction
Multiple sclerosis (MS) is a common chronic disease of the 

central nervous system presenting with a variety of neurological, 
cognitive, and psychological symptoms that may remit, progress, 
or relapse. This disease is usually diagnosed at the working-age 
(20-45 years) and can negatively affect one’s job performance and 
working ability (1). Studies have shown that unemployment is 
a common problem in individuals with MS with a rate between 
22% and 80% and has a significant socioeconomic burden (2), and 
compared to chronic illnesses such as arthritis, type 2 diabetes, or 
depression, these patients have high levels of unemployment (part-
time to full-time) and lower incomes (3,4,5,6). A cohort study 
demonstrated that, after approximately 2.5 years of diagnosis, 
22% of those previously employed patients became unemployed 
(2). A large-scale study in 2012 showed that the unemployment 
rate in patients with MS was affected up to 8 years before diagnosis 
compared to the control group and steadily decreased after 
confirmation of the diagnosis (5).

Work and employment in patients with MS lead to a high 
level of quality of life, less welfare dependence, and better clinical 
and disease management (7,8,9,10). Several studies have been 
conducted to investigate the causes of unemployment in these 
patients. A study in 2011 found that disease duration, course type, 
age, years of education, sex, and general disability were associated 
with unemployment in these patients (11,12,13). Although the 
most important cause of unemployment in these patients is the 
severity of the disease and their disability, there are other reasons 
for their unemployment (14,15,16,17). Some studies have shown 
that fatigue (16,18), depression (11,13), motor difficulties (6), 
cognitive problem (19,20) and memory impairment (13,21,22) 
can also contribute to unemployment.

In a systematic review conducted in 2018, the role of 
psychological factors in return to work of these patients has been 
discussed and it has been found that psychological factors affect 
the quality of life of these patients and their jobs (23). In most 
of the studies that have been done in the field of return to work 
in these patients, only the demographic (e.g. female gender and 
older age) and disease related factors (progressive disease course 
and neurocognitive symptoms) have been investigated, and the 
job type and workplace conditions are not considered (6,24,25). 
Therefore, due to the importance of employment in patients with 
MS and limited studies in this field, this study investigated the 
effects of occupational, individual and disease-related factors on 
return to work in patients with MS.

Materials and Methods
The present study is a descriptive-analytical study performed 

on 212 patients with clinically definite MS according to the 
McDonald criteria who were referred to a MS clinic from 
September 2019 to April 2020 (26). Among these patients, those 
who were under 18 years old, who were over 65 years old (n=9) 
and who were unemployed at the time of diagnosis (n=12) were 
excluded from the study. Written informed consent was obtained 
from each participant before study entry and the protocol was 
reviewed and approved by the Iran University of Medical Sciences 
Ethics Committee (protocol no: IR.IUMS.FMD.REC.1397.201, 
date: 20.11.2018).

Study participants were interviewed in person. The first part 
of the interview included general information such as age, gender, 
education level, marital status, smoking (or passive smoking) and 
history of underlying diseases.

The second part of the interview included occupational 
information such as job title, work experience, employment status 
and whether the patient had a working spouse. In this study, 
patients were classified into two groups according to their job 
type as physical and non-physical (27). We used the Health and 
Safety Executive (HSE) questionnaire to assess patients’ job stress. 
The HSE questionnaire has 35 questions. This questionnaire is 
related to seven main job stressors. The questions are categorized 
into seven areas of stress: demands, control, managerial support, 
peer support, relationships, roles, and change. The ratings are on a 
five-point Likert scale (never, rarely, sometimes, often, and always). 
The lower the score, the higher the stress level. The validity and 
reliability of the questionnaire in Persian were confirmed (28,29).

Data including disease duration and age at disease onset, 
received disease-modifying treatment, and self-reported ratings of 
current symptoms including pain, fatigue, problems with memory 
and thinking, bladder and bowel dysfunction (using a five-point 
Likert scale ranging from 0 “not at all a problem” to 5 “very 
much a problem”) were gathered (30). The level of disability was 
assessed in patients through the validated version of the Expanded 
Disability Status Scale (EDSS) (31).

In this study, we used the Multidimensional Fatigue 
Inventory (MFI) questionnaire to assess fatigue in patients. This 
questionnaire was first developed by Mr. Smith in 1996 and 
could be applied to both patients and healthy individuals. This 
tool contains 20 questions and is scored on a Likert scale and has 
5 subscales including general fatigue, physical fatigue, decreased 
activity, decreased motivation, and mental fatigue (32). Finally, 
patients’ return to work status was inquired by a question: “Have 
you returned to work after being diagnosed with the disease?” If 
the answer was “yes”, it was asked “How long after the diagnosis 
did you return to work?” Based on the answer given, individuals 
were divided into two groups: patients who returned to work (full 
time, part-time) and who did not return to work. Then, these two 
groups were compared in terms of occupational, individual, and 
disease-related factors.

Statistical Analysis
The study data were analyzed by Statistical Package for the 

Social Sciences (version 24). For quantitative data, mean and 
standard deviation were used. For qualitative data, frequency and 
percentage were used. For statistical analysis of quantitative and 
qualitative data, independent sample t-test and chi-square test 
were used, respectively. All statistical tests resulting with a p value 
less than 0.05 were considered statistically significant.

Results
The present study was performed on 191 patients referred 

to the MS clinic. The majority of participants (58.64%) had 
relapsing-remitting MS (RRMS) and the mean EDSS score was 
3.28±1.3 with a range of 1.5 to 8. There was no difference in 
terms of receiving disease modifying treatment between the two 
groups. Furthermore, no drug side effects leading to disability or 
non-returning to work were observed in the patients. 
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The mean age was 34.2±7.5 years with a range of 24 to 55 and 
62.83% were female.

The mean work experience was 9.1±5.6 years with a range 
of 1 to 20 years and 51.31% had non-physical work. In terms 
of returning to work, 127 (64%) patients returned to work and 
64 (36%) did not return to work after one year of diagnosis. 
Among those who returned to work, 87 (68%) had full-time jobs, 
25 (20%) had part-time jobs, and 15 (12%) changed their jobs. 
Among those who did not return to work, 23 (36%) were fired, 25 
(39%) were unable to work, and 16 (25%) were supported by their 
families. The demographic and work-related characteristics of the 
participants are shown in Table 1.

Return to Work and Demographic Variables
Patients who returned to work were younger (p<0.001) and 

the majority of them were male (p<0.05) and had a higher level 
of education (p<0.05). There was no statistically significant 
relationship between marital status, number of children, and 
smoking status between the two groups (Table 2).

Return to Work and Work Related Variables
Patients who did not return to work had a higher percentage 

of physical jobs than patients who returned to work (66.9% vs. 
39.4%, p<0.0). There was a statistically significant relationship 
between spouse employment and having insurance and non-
returning to work (p<0.05) (Table 2).

The average final score of job stress (HSE) in patients who did 
not return to work was higher than patients who did (3.4 vs. 2.3); 
but there was no statistically significant difference between the two 
groups (p≥0.05). In terms of different dimensions of stress including 
demand, peer support, control, and manager support, there was a 
statistically significant difference between the two groups (p<0.05). 
Patients who returned to work, had less job stress (Table 3).

Return to Work and Disease Severity 
The average EDSS score of patients who did not return to work 

was higher than those who did (p<0.001). The average MFI total 
score in patients who did not return to work was higher than those 
who did (44.7±18.4 vs. 60.1±6.8, p<0.001). Also, mean general 
fatigue (p=0.023) and mental fatigue (p<0.001) were significantly 
higher, and motivation score (p=0.025) was significantly lower in 
patients who did not return to work (Tables 2 and 3). All subjects 
with fatigue were treated with amantadine and there was no 
difference in the treatment of fatigue between the two groups.

Factors Influencing Employment
There was a statistically significant relationship between not 

returning to work and EDSS score >3 [p<0.001, odds ratio (OR): 
9.7], MFI total score >40 (p<0.001, OR: 4.37), HSE score <2.5 
(p=0.05, OR=1.12), and progressive type of disease (p<0.001 OR: 
3.39).

Multivariate logistic regression analysis revealed that moderate 
level of neurological disability (EDSS score >3), physical jobs, MFI 
total score >40, and older age were independently associated with 
unemployment (Table 4).

Discussion
The present study was performed on 191 employed patients 

with MS to evaluate their return to work status after diagnosis 

Table 1. Demographic, occupational and disease-related 
characteristics of the participants

Mean 
± SD/
number 
(%)

Variables

34.2±7.5Age (year)

9.1±5.6Work experience 
(year)

120 (62.8)Female
Gender

71 (37.1)Male

94 (49.21)Married
Marital status

97 (50.7)Single

25 (27)YesSpouse employment 
status 69 (73)No

20 (10.4)Yes
Smoking

171 (89.5)No

21 (11)High school

Education

39 (20.4)Associate degree and 
diploma

79 (41.4)Bachelor

40 (20.9)Master’s degree

12 (6.3)Doctorate

93 (48.6)Physical
Job category

98 (51.3)Non-physical

5.7±4.2Duration of diagnosis 
(year)

3.28±1.3Expanded Disability 
Status Scale score

112 (58.6)Relapsing remitting

Course of the disease
38 (19.9)Secondary progressive

29 (15.1)Primary progressive

12 (6.2)Progressive relapsing

92 (48)Vision problems

Primary symptoms

67 (35)Numbness and tingling

50 (26)Mobility problem

33 (17)Balance problems 

36 (19)Fatigue

30 (15)Vision problems

Current symptoms

31 (16)Numbness and tingling

38 (20)Mobility problem

69 (36)Balance problems 

59 (31)Fatigue

14 (7)Urinary incontinence

15 (8)Foot drop

11 (6)Wheel-chair 
dependency

SD: Standard deviation 
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of the disease. To our knowledge, this is the first report about 
demographic, work-related, and clinical factors leading to 
unemployment in patients with MS. This study showed that 
demographic factors such as older age at the time of diagnosis 
and low level of education had a negative influence on return to 
work. Also, the rate of return to work was higher among male 
patients but marital status was not significantly associated with 
return to work status. Some studies found that individual factors 
such as older age had a negative influence on the employment 
status (33,34,35). A meta-analysis found that older age and lower 

Table 2. Return to work status based on demographic, occupational and disease characteristics

OR (95% CI)p value

Return to work

No Yes 

Mean ± SDMean ± SDVariables

-<0.00138.9±8.931.4±4.6Age (year)

-<0.00113.18±3.415.96±2.1Years of education 

-0.2788.5±4.39.4±6.2Work experience (year)

-0.2086.2±3.95.4±4.2Duration of diagnosis (year)

-<0.0014.1±1.182.8±1.2Expanded Disability Status Scale score

Number (%)

1.43 (1.23-1.88)0.04122 (34.4)48 (37.7)Gender (male)

1.15 (0.63-2.10)0.64528 (43.7)41 (52)Marital status (married)

1.10 (1.05-1.21)0.03145 (70.4)77 (60.7)Spouse employment (no)

0.46 (0.14-1.44)0.1764 (6.3)16 (12.6)Smoking (yes)

1.80 (1.95-3.43)0.00221 (33.1)77 (60.6)Job category (non-physical)

1.09 (1.01-1.67)0.02737 (57.8)37 (29)Insurance (no)

1.22 (0.61-2.21)0.30432 (50)60 (47.2)Vision problems (yes)

1.33 (0.70-2.48)0.42525 (39.1)42 (33)Numbness and tingling (yes)

1.33 (1.21-1.82)0.01425 (39.1)25 (19.6)Mobility problem (yes)

1.34 (1.10-1.81)0.02215 (23.5)18 (14.1)Balance problems (yes)

3.39 (1.81-6.34)<0.00125 (39.1)87 (68.5)Relapsing remitting MS

2.13 (1.15-3.94)<0.00139 (60.9)40 (31.5)Primary progressive MS
SD: Standard deviation, MS: Multiple sclerosis, OR: Odds ratio, CI: Confidence interval 

Table 3. Comparison of return to work status with fatigue 
and job stress scores

p value

Return to work

No Yes 

Mean ± SD

<0.00160.1±6.844.7±18.4Total MFI

0.02311.5±1.610.9±1.2General fatigue

0.73312.4±2.0912.3±2.2Physical fatigue

0.57511.6±2.111.4±2.1Decreased activity

0.02516.05±1.212.1±1.8Decreased motivation

0.00113.6±1.512.6±2.04Mental fatigue

0.2603.2±2.13.4±2.7Total HSE

0.0352.8±3.323.04±1.5Demand

0.0443.5±6.53.7±5.6Control

0.0282.92±3.23.16±1.7Peer support

<0.0013.08±2.73.5±5.1Manager support

0.4012.98±4.13.07±1.7Relationship

0.0603.74±2.13.58±1.2Role

0.8953.5±4.73.07±4.3Change
MFI: Multidimensional Fatigue Inventory, HSE: Health and Safety Executive, SD: 
Standard deviation

Table 4. Regression analysis of return to work status based 
on demographic, occupational and disease-related factors

(95% CI)ORp value

1.13-1.491.290.050Age 

0.11-1.140.120.042Gender (male)

0.74-1.390.920.567Education 

2.94-3.122.210.031Spouse employment (no)

1.85-3.172.840.002Job category (physical)

1.14-1.351.240.011Relapsing-remitting course

2.21-5.253.10<0.001EDSS >3

1.78-3.162.120.03MFI total >40

0.11-1.270.810.06HSE <2.5
MFI: Multidimensional Fatigue Inventory, HSE: Health and safety executive, 
EDSS: Expanded Disability Status Scale, OR: Odds ratio, CI: Confidence interval 
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education harmed employment (34). This could be because young 
people were more motivated and had more life expectancy, and 
could accept more conditions. Our findings are consistent with the 
results obtained in other countries (8,33,36,37). The association 
between low education and non-returning to work may be due to 
the fact that people with higher education are usually employed 
in non-physical jobs (which was the case in our study); since MS 
causes sensory and motor problems, subjects with higher education 
are more likely to return to work. In addition, higher education 
gives people more job opportunities and job security.

Among the factors related to work, having a non-physical job 
and not having health insurance were associated with higher rate 
of return to work. But, there was no relationship between work 
experience and the rate of return to work. Studies in this field 
have shown that unemployment in patients with MS is due to the 
interaction between disease-related factors and other factors such 
as supervisor’s and co-workers’ support, job demands, and physical 
work environment (38,39).

From different aspects of job stress, patients who had more 
peer support and manager support had a high rate of return to 
work, and patients with less job stress in terms of demand-control 
had high rate of return to work. The presence of job stress along 
with other factors related to the disease can harm patients’ return 
to work. Based on studies conducted so far, it seems that the 
relationship between stress in the workplace and employment rate 
is a two-way relationship. People receiving less support from their 
co-workers and supervisors are less likely to return to work because 
in stressful work environments, people worry about losing the job, 
they are not able to perform the assigned job tasks, and the disease 
continues to progress (40,41,42). 

In terms of disease-related factors, mental and general fatigue 
had a negative effect on returning to work and high level of fatigue 
doubled the risk of unemployment. In the study by Koziarska et 
al. (33), severe fatigue was associated with non-returning to work 
in patients with MS, which was similar to the results of our study. 
Given that MS is a chronic and progressive disease and fatigue is 
one of the most important symptoms of the disease, patients with 
higher levels of fatigue are more likely to be disabled and therefore, 
return to work will be more difficult in these patients (43).

In our study, it was found that the rate of disability (EDSS 
score >3) was the most important factor in not returning to work 
and increased the possibility of unemployment by three times. 
The type of disease was also effective on returning to work, and 
participants with the RRMS were more likely to return to work 
and those with the PPMS were less likely to return to work. There 
was no statistically significant relationship between the duration 
of MS and no return to work.

Our study had several strengths compared to studies on the 
employment of patients with MS. All of the participants in our 
study were employed at the time of diagnosis, and the effect of MS 
on employment and return to work was assessed. In other studies, 
individuals were assessed regardless of their employment status 
at the time of diagnosis. In this study, in addition to individual 
factors, we assessed occupational and disease-related factors and 
their impact on return to work, while in other studies, one or two 
of these factors were assessed.

Study Limitations
One of the limitations of our study was that due to the cross-

sectional design of the study, it was not possible to investigate the 

predictive effect of various factors on returning to work status. In 
addition, in this study, occupations were classified into only two 
groups as physical and non-physical, whereas using more details 
about the job tasks of the participants would have lead to more 
accurate results.

Conclusion
Findings of our study showed that among demographic 

factors, older age, female gender, spouse unemployment; among 
work-related factors, having a physical job; and among disease-
related factors, EDSS score >3, and severe fatigue were associated 
with not-returning to work in patients with MS. Given the high 
prevalence of MS and the fact that this disease is more common in 
young people at working age, facilitating employment, modifying 
factors related to the work environment, and support of colleagues 
and supervisors in the workplace can play an important role in 
reducing stress and improving the general condition of the disease 
in these patients.
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Objective: Acute ischemic stroke (AIS) is a major cause of mortality and morbidity throughout the world. Intravenous thrombolysis (IVT) and endovasculary 
treatments (EVT) are recomended currently in eligible patients admitted within the therapeutic window. In this study, the data of AIS patients who were 
treated with intravenous and EVT methods in Istanbul Bakirkoy Prof. Dr. Mazhar Osman Training and Research Hospital between 2017-2020 were evaluated 
retrospectively.
Materials and Methods: Five hundred and ninety patients who received IVT and/or EVT were included in the study. Demographic, clinical, radiological 
characteristics, risk factors and post-treatment clinical characteristics of these patients were analyzed.
Results: Of the 590 patients, 324 (54.9%) underwent IVT, 164 (27.8%) EVT and 102 (17.3%) combined IVT+EVT. The median National Institutes of Health 
Stroke Scale (NIHSS) scores were 9 (1-21) in the iv tPA group, 13 (3-27) in the EVT group, 12 (4-23) in the combined treatment group at admission In the IVT 
group, 220 patients had no artery occlusion (67.9%), M2 segment of the middle cerebral artery (MCA) was found to be the most frequently occluded artery with 
32 patients (9.9%). In the EVT and combined IVT+EVT groups, the M1 segment of the MCA had the highest occlusion rate [76 (44.2%), 49 (45%), respectively]. 
Asymptomatic hemorrhage rate was higher in the EVT group than the other groups. Symptomatic hemorrhage rate was lower in the IVT group compared to 
the other groups. A total of 182 (56.2%), 67 (39%) and 53 (48.6%) patients in the IVT, EVT and combined IVT+EVT groups had good outcome, respectively.
Conclusion: Acute stroke treatment has been proven to significantly reduce the serious burden of stroke on patients, caregivers and society. For this reason, the 
societal awareness of the importance of urgent admission to emergency departmentsand the number and capacity of centers that provide AIS treatments should 
be increased.
Keywords: Acute stroke, acute stroke treatment, iv tPA, endovascular treatment

Amaç: Akut iskemik inme (Aİİ) tüm dünyada önemli bir mortalite ve morbidite nedenidir. Terapötik pencerede başvuran akut inmeli hastalara intravenöz 
tromboliz (İVT) ve endovasküler tedaviler (EVT) önerilmektedir. Bu çalışmada İstanbul Bakırköy Prof. Dr. Mazhar Osman Ruh ve Sinir Hastalıkları Eğitim ve 
Araştırma Hastanesi’nde 2017-2020 yılları arasında İVT ve EVT yöntemleri ile tedavi edilen Aİİ hastasının verileri retrospektif olarak değerlendirildi.
Gereç ve Yöntem: Bu çalışmaya intravenöz ve/veya EVT uygulanan 590 hasta dahil edilmiştir. Bu hastaların demografik, klinik, radyolojik özellikleri, risk 
faktörleri ve tedavi sonrası klinik özellikleri analiz edilmiştir.
Bulgular: Beş yüz doksan hastanın 324’üne (%54,9) İVT, 164’üne (%27,8) EVT ve 102’sine (%17,3) kombine İVT+EVT uygulandı. Başvuruda medyan 
National Institutes of Health Stroke Scale (NIHSS) skorları iv tPA grubunda 9 (1-21), EVT grubunda 13 (3-27), kombine tedavi grubunda 12 (4-23) idi. İVT 
grubunda 220 hastada endovasküler girişim gerektirecek arter tıkanıklığı yoktu (%67,9), 32 hasta (%9,9) ile MCA M2 segmenti en çok tıkanan arter olarak 
bulundu. EVT ve kombine İVT+EVT gruplarında, MCA’nın M1 segmenti en yüksek oklüzyon oranına sahipti [sırasıyla 76 (%44,2), 49 (%45)]. EVT grubunda 
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Introduction
Stroke is the most important cause of mortality and morbidity 

in adults after heart diseases and cancer, according to the data of 
the World Health Organization (1). Progress has been made in 
reducing mortality and morbidity with the use of intravenous 
thrombolysis (IVT) and endovascular treatments (EVT), which 
have become quite widespread in recent years in acute ischemic 
stroke (AIS) patients.

Intravenous tissue plasminogen activator (iv tPA), which was 
proven to be effective in 1996 when applied in the first 3 hours after 
stroke onset, was started to be used in selected patients who were 
admitted within the first 4.5 hours after The European Cooperative 
Acute Stroke Study (ECASS3) in 2008 (2,3). In addition, EVT 
was included in the treatment guideline by the American Heart 
Association (AHA) with a class 1 recommendation and evidence 
level A, in line with the positive results of the the MR CLEAN 
study in 2015 and the many studies supporting its positive results 
(4,5). With increased experience, standardizations in stroke 
treatment are made according to the AHA and the American 
Stroke Association guidelines, which are constantly updated.

IVT and EVT methods have been performed in Istanbul 
Bakirkoy Prof. Dr. Mazhar Osman Training and Research Hospital 
Neurology Clinics since 2010 and satisfactory results have been 
obtained in a wide patient population. In this study, it was aimed 
to evaluate the data of patients who were treated for AIS in our 
hospital and to discuss them in light of the current literature, and 
to share the experiences of specific patient subgroups.

Materials and Methods
Istanbul Bakirkoy Prof. Dr. Mazhar Osman Training and 

Research Hospital is one of the top referral hospital in Istanbul, 
Turkey. In our hospital, there is a neurology emergency service, 
which is open 24 hours a day, that allows patients with stroke to 
be first evaluated by neurologists at admission, thus preventing 
delays. After a rapid evaluation of the patients who are predicted 
to have hyperacute stroke, we call for “T-CODE” which has been 
developed to speed stroke management. In this organization, 
the residents of the neurology emergency service, nurses, patient 
transporters, radiographers, laboratory workers work together and 
simultaneously. The patient who is examined by the neurologist, 
is firstly evaluated with a cranial computed tomography (CT), and 
after hemorrhage is ruled out, if there are no contraindications, 
diffusion-weighted and cranial magnetic resonance (MR) 
angiography (MRA) for neurovascular examination are performed. 
In addition, for the patients with unknown-onset such as wake-up 
stroke, FLAIR MR imaging sequence is performed, as perfusion 
imaging is not available.

In this study, we retrospectively studied a database of patients 
with AIS admitted to the neurology emergency service of our 

hospital who received IVT and/or EVT between January 2017 and 
October 2020. The patients determined to be eligible for IVT were 
those in whom IVT was initiated within 4.5 hours of symptom 
onset. Endovascular thrombectomy was considered in the patients 
with Alberta Stroke Program Early CT score ≥6. Whether the 
patients were administered IVT did not affect the decision to 
perform EVT. The evaluation of vascular images before IVT 
and EVT was performed by one of 3 experienced interventional 
radiologists.

All variables, including demographic characteristics, risk 
factors, stroke severity National Institutes of Health Stroke Scale 
(NIHSS) score, laboratory tests, CT images, neurovascular images, 
symptom-to-door, door-to-needle, symptom-to-needle times, and 
door-to-puncture times and, modified thrombolysis in cerebral 
infarction (mTICI) scores were recorded. The recanalization rate 
was determined with mTICI scores of 0-2a, and 2b-3. Twenty-
four hours after the procedure, CT was performed to evaluate post-
procedure bleeding. Hemorrhagic transformation was classified 
as symtomatic or asymptomatic according to the ECASS III 
classification system. During the hospitalization of all patients, 
electrocardiogram, echocardiography, tests for lipid profile and 
glycosylated hemoglobin test (A1c), and vascular imaging were 
conducted. Stroke etiologies were classified according to the Trial 
of Org 10172 in Acute Stroke Treatment (TOAST) classification. 
Length of stay was recorded. The low NIHSS score cut-off value 
was determined as ≤6 for this study. Modified Rankin scale (mRS) 
score at 90 days was determined as the primary outcome. Good 
outcome at 90 days was considered as having mRS ≤2. NIHSS 
score at admission was recorded by the neurologists. The 90-day 
mRS scores were recorded by the same neurologist.

The study was carried out in accordance with the ethical 
standards of the Declaration of Helsinki and the ethics committee 
approval was obtained from the Ethics Committee of the Clinical 
Studies Ethics Committee of University of Health Sciences 
Turkey, Istanbul Bakirkoy Dr. Sadi Konuk Training and Research 
Hospital, with the number of 2021/246.

Statistical Analysis
Firstly, we checked the assumption of normal data distribution 

using Kolmogorov-Smirnov test and the statistical analysis 
involved non-parametric tests. The variables were presented as 
median, interquartile range (IQR) or as percentages. The chi-
squared test and Fisher’s exact test were performed to compare 
categorical parameters between groups. Continuous variables 
with asymmetric distribution were compared between 2 groups 
using Mann-Whitney U and between more than 2 groups using 
Kruskal-Wallis test. Post-hoc analysis was used for comparing 
multiple categorical variables. For all analyses, a p-value of less 
than 0.05 was accepted as statistically significant.

asemptomatik kanama oranı diğer gruplara göre daha yüksekti. Semptomatik kanama oranı İVT grubunda diğer gruplara göre daha düşüktü. İVT, EVT ve 
kombine İVT+EVT gruplarında sırasıyla 182 (%56,2), 67 (%39) ve 53 (%48,6) hastada iyi sonuç alındı.
Sonuç: İnme tüm dünyada mortalitenin en önde gelen sebeplerinden biri olmakla birlikte, sağkalım sonrası çoğu hastada sekelli iyileşme yüzünden yüksek 
oranda morbiditeye neden olmaktadır. Aİİ tedavisinin inmenin hastalar, bakım veren kişiler, ve topluma oluşturduğu yükü önemli oranda azalttığı kanıtlanmıştır. 
Bu nedenle toplum acil başvuru konusunda daha bilinçli hale getirilmeli ve doğru tedaviyi uygulayan merkezlerin sayı ve kapasiteleri artırılmalıdır.
Anahtar Kelimeler: Akut inme, akut inme tedavisi, iv tPA, endovasküler tedavi
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Results

Patient Population
In this single center study, T-CODE was given in a total of 

2001 patients between January 2017 and October 2020; 401, 565, 
710 and 335 in each year, respectively. A total of 590 patients, 
comprising 279 females (47.3%) and 311 males (52.7%) were 
included in this study. The median age of all patients was 65 years 
(IQR, 56-77); the median age of female patients was 72.5 (IQR, 
62-80), whereas the median age of male patients was 62 (IQR, 54-
73) (p<0.001). Of 590 patients, 324 (54.9%) underwent IVT, 164 
(27.8%) EVT and 102 (17.3%) combined IVT+EVT. The median 
age among all groups was highest in the IVT group (p<0.001).

The three groups were similar, in terms of comorbidities 
[hypertension (HT), diabetes mellitus, hyperlipidemia, atrial 
fibrillation, coronary artery disease and prior stroke). The median 
baseline NIHSS score of 590 patients was 11 (IQR, 7-15). The 
patients in the IVT group had lower baseline NIHSS score than 
those in the other treatment groups (p<0.001). The median 
symptom-to-door time of EVT group was longer than the other 
treatment groups (p<0.001). There was no significant difference in 
terms of door-to-needle time between the IVT and the combined 
IVT+EVT groups (p=0.125). The median door-to-puncture time 
was longer in the combined IVT+EVT group than in the EVT 
group (p=0.001). Succesful recanalization (mTICI 2b-3) rate 
was higher in the only EVT group with no significant difference 
(p=0.191)

In the IVT group, 220 patients had no artery occlusion (67.9%), 
M2 segment of the middle cerebral artery (MCA) was found to be 
the most frequently occluded artery [n=32 patients, (9.9%)]. In 
the EVT and the combined IVT+EVT groups, the M1 segment of 
the MCA had the highest occlusion rate [n=72 (%43,9) and n=48 
(%47,1), respectively]. In all treatment groups, cardioembolism 
was the most common etiology among the determined etiologies. 
Large artery atherosclerosis rate was lower in the IVT group than 
in the other two groups (p<0.001). Small vessel occlusion and 
unknown etiology rates were higher in the IVT group than in the 
other two groups (p<0.001 and p=0.009, respectively) (Table 1).

Outcome Measures
Twenty four hours after the procedures, complications associated 

with the procedures were assessed. There was a significant difference 
between groups in terms of all types of hemorrhage (p<0.001). 
Asymptomatic hemorrhage rate was higher in the EVT group 
than in the other groups (p<0.001). Symptomatic hemorrhage 
rate was lower in the IVT group compared with the other groups 
in unadjusted analysis (p<0.001). In adjusted analysis, patients in 
the IVT group had a 62% lower risk of symptomatic hemorrhage 
24 hours after procedure compared to the combined IVT+EVT 
group. The patients in the EVT group had a 17% decrease in 
the odds of symptomatic hemorrhage compared to the combined 
IVT+EVT group [95% confidence interval (CI): 0.45-1.54]. 
Patients in the EVT group had a significantly higher median 24-
hour NIHSS score than those in the other groups (p<0.001) and, 
significantly longer median length of stay compared with the IVT 
group (p=0.002) (Table 1).

With regard to functional outcome, patients in the IVT group 
had lower median mRS score <2 (IQR, 0-4) at 90 days compared 
with EVT and the combined IVT+EVT groups. But the difference 

was significant only when compared with the EVT group 
(p<0.001). A total of 182 (56.2%), 62 (37.8%) ve 48 (47.1%) 
patients in the IVT, EVT and the combined IVT+EVT groups 
had good outcome, respectively. Patients in the EVT group had 
significantly lower rates of good outcome compared with the IVT 
group (p=0.001). In adjusted analysis, patients in the IVT group 
showed a 7% (95% CI: 0.55-1.57) lower chance of good outcome, 
and patients in the EVT group had an 18% (95% CI: 0.40-
1.29) lower chance of good outcome compared to the combined 
IVT+EVT group. In unadjusted analysis, the rate of mortality was 
significantly lower in the IVT group (13.3%) compared with the 
other groups (p=0.006) (Table 1). In adjusted analysis, patients 
in the IVT group had a 40% (95% CI: 0.31-1.14) lower risk of 
mortality compared to the combined IVT+EVT group. Patients 
in the EVT group had a 10% (95% CI: 0.57-2.12) higher risk 
of death within 90 days after the index stroke compared to the 
combined IVT+EVT group.

In patients with low NIHSS score and LVO, the MCA M2 
artery was the most occluded artery with a rate of 38.2%. Internal 
carotid artery was the most frequently occluded artery in the EVT 
group and MCA was the most frequently occluded artery in the 
combined IVT+EVT group. There was no statistically significant 
difference between the treatment groups in terms of occluded 
arteries (p=0.757). Baseline NIHSS score did not differ between the 
treatment groups (p=0.921). A statistically significant difference 
was not found between the groups in terms of hemorrhage rates 
(p=0.678). Patients in the IVT group had a significantly higher 
90-day median mRS score (p=0.006), no significantly lower rate 
of good functional outcome (p=0.086), and no significantly higher 
rate of mortality (p=0.194) (Table 2).

Outcome by Years
Overall, the number of patients within the database did not 

significantly differ from 2017 to 2020 according to the procedure 
applied, however it was lowest in 2020. The symptom-to-door 
durations were longest in 2018 in the EVT group (p=0.006), in 
2020 in the EVT group (p=0.064), and in 2019 in the combined 
IVT+EVT group (p=0.430). The door-to-needle durations in 
the IVT and the combined IVT+EVT groups were significantly 
longer in 2020 (p<0.001). The door-to-puncture duration was 
longest in both EVT and the combined IVT+EVT groups in 2020 
(p=0.004, and p=0.540, respectively). No statistically significant 
difference was found when treatment groups were compared in 
terms of outcomes from 2017 to 2020 in terms of bleeding, mRS 
score at 90 days, and death within 90 days (Table 3) (Figure 1).

Discussion
Immediate admission directly to an acute stroke unit improves 

outcome and decreases mortality and morbidity caused by stroke. 
It is thought that more patients reach our hospital every year, both 
by outpatient and emergency ambulance services because of two 
reasons. One reason is that our center is a reference center and the 
second reason is that the society’s awareness of stroke has increased 
in time. The significant decrease in the number of patients in 
2020 compared to previous years is thought to be largely related 
to the coronavirus disease-2019 (COVID-19) pandemic and the 
inclusion of patients admitted until October 2020. Approximately 
two-thirds of the patients in whom T-CODE was given were not 
treated either with IVT or EVT because of several reasons such 
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Table 1. Comparision of baseline characteristics of patients treated with IVT, EVT, and combined IVT+EVT

Variable IVT (n=324) EVT (n=164)
IVT+EVT 
(n=102)

Test 
used

p-value

Age, year; median (IQR) 70 (59-80)* 66 (55-75) 62.5 (54-72) KW <0.001

Sex, female 152 (46.9) 82 (50) 45 (44.1) χ2 0.633

Comorbidities

HT 216 (66.6) 108 (65.9) 75 (73.5) χ2 0.369

DM 121 (37.3) 54 (32.9) 38 (37.3) χ2 0.572

Hyperlipidemia 194 (59.8) 88 (53.6) 60 (58.8) χ2 0.430

Atrial fibrillation 94 (29) 62 (37.8) 30 (29.4) χ2 0.104

CAD 78 (24.1) 46 (28) 30 (29.4) χ2 0.451

Prior stroke 53 (16.3) 33 (20.1) 18 (17.6) χ2 0.798

Periprocedure

Baseline NIHSS score ‖
Median (IQR) 9 (6-13)* 13 (11-15.7) 13 (9-16) KW <0.001

Range 1-21 3-27 4-23

Symptom-to-door, min; median (IQR) 77.5 (49-129.5) 167.5 (60-246.7)* 63.5 (45-121) KW <0.001

Door-to-needle, min; median (IQR) 60 (46-80) - 55.5 (45-69.2) MW 0.07

Door-to-puncture, min; median (IQR) - 105 (77.2-136) 120 (99.7-145.5) MW 0.004

Final TICI flow χ2 0.152

0-2a - 56 (34.4) 44 (43.6)

2b-3 - 107 (65.6) 57 (56.4)

Site of vascular occlusion χ2 <0.001

ICA 26 (8)* 30 (18.3) 17 (16.7) χ2 0.002

ICA-Tandem 6 (1.9)* 25 (15.2) 12 (11.8) χ2 <0.001

MCA M1 29 (9)* 72 (43.9) 48 (47.1) χ2 <0.001

MCA M2 32 (9.9) 25 (15.2) 20 (19.6)§ χ2 0.024

Basilar artery 3 (0.9) 10 (6.1)§ 4 (3.9) χ2 0.004

Vertebral artery 4 (1.2) 1 (0.6) 1 (1.0) FE 0.809

PCA 4 (1.2) 0 0 FE 0.191

Stroke etiology by TOAST

Large artery atherosclerosis 40 (12.3)* 54 (32.9) 30 (29.4) χ2 <0.001

Cardioembolism 112 (34.6) 68 (41.5) 40 (39.2) χ2 0.300

Small vessel occlusion 49 (15.1)* 0 0 χ2 <0.001

Other etiology 6 (1.9) 5 (3.0) 2 (2.0) χ2 0.685

Unknown etiology 117 (36.1) 37 (22.6)§ 30 (29.4) χ2 0.009

Hemorrhage (all types) 46 (14.2)* 75 (45.7) 39 (38.2) χ2 <0.001

Symptomatic 30 (9.3)* 44 (26.8) 29 (28.4) χ2 <0.001

Asymptomatic 16 (4.9) 31 (18.9)* 10 (9.8) χ2 <0.001

24 h NIHSS

Median (IQR) 6 (2-10)* 11 (5.7-16)* 8 (2-14)* KW <0.001

Range 0-27 0-39 0-37

Length of stay (days), median (IQR) 11 (8-16) 14 (9-25.7)§ 12 (8-22) KW 0.002

mRS at 90 days

Median (IQR) 2 (0-4) 3 (1-5)§ 3 (0-5) KW <0.001
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as unknown symptom onset time, inappropriate NIHSS score, 
hemorrhage detected in inital cranial CT, suspicion of an intracranial 
mass, presence of resistant hypertension, rapidly resolving deficit, 
presence of medication contraindicated for treatment, and the lack 
of consent from the patient’s relatives. Although a clear limit was 
not determined for the NIHSS score in studies, in the American 
Food and Drug Administration approval, a caution was put in 
place in the case of NIHSS score >22, and in the instructions 
for use of tPA in our country, NIHSS score >25 is accepted as 
severe stroke and in patients with NIHSS >25 tPA administration 
is not recommended (3). In our center, iv tPA treatment was 
administered in patients with a NIHSS score between 1 and 42 
without contraindications. However, in mild stroke (NIHSS score 
≤6), iv tPA was given when isolated speech disorder, vision loss 
or extremity paresis was detected, which might cause significant 
functional disability in daily activities.

There is a linear relationship between stroke risk and 
hypertension, which is one of the most important modifiable risk 

factors in stroke etiology (6). In our study, HT was detected in 
most of the patients, which was consistent with the literature. 
Diabetes, which causes microvascular complications in particular, 
is a known risk factor for stroke. Considering hyperlipidemia as an 
important risk factor for stroke, although only 91 (15%) patients 
had the diagnosis of hyperlipidemia at admission, 251 (42.5%) 
patients were diagnosed and treated during hospitalization. The 
high rate of diagnosis of hyperlipidemia at hospitalization suggests 
that high cholesterol is not given enough attention in our country, 
awareness is low and preventive health services are not adequately 
implemented.

The reason for the significantly lower median NIHSS score in 
the IVT group compared to the EVT groups in the study analysis 
could be explained by the worse clinical condition of patients 
with large vessel occlusion at presentation. Therefore, the 24th 
hour NIHSS score of the EVT group was found to be similarly 
high. However, the higher 24th hour NIHSS score detected in the 
EVT group was ascociated with the late symptom onset-door time 

mRS dichotomized χ2 0.001

mRS 0-2 182 (56.2) 62 (37.8)§ 48 (47.1)

mRS >2 142 (43.8) 102 (62.2)§ 54 (52.9)

Death 43 (13.3)* 39 (24.1) 24 (23.5) χ2 0.006
Values are N (%), median (IQR)

χ2 test was used for categorical variables, the Kruskal-Wallis test was used to compare 3 non-parametric variables, and the Mann-Whitney test was used to compare 2 
non-parametric variables.
*Indicates a significant difference compared with any other groups,
§Indicates a significant difference compared with first group,
‖National Institutes of Health Stroke Scale (NIHSS) scores range from 0 to 42, with higher scores indicating greater neurologic deficit.
¶Indicates significant differences compared with second group.
CAD: Coronary artery disease, DM: Diabetes mellitus, FE: Fisher’s exact test; HT: Hypertension, ICA: Internal carotid artery, IQR: Internal quartile range, KW: Kruskal-Wallis 
test, LACI: Lacunar infarct, MCA: Middle cerebral artery, MW: Mann-Whitney test, min.: Minute, mRS: Modified Rankin scale, OCSP: The Oxfordshire community stroke 
project, PACI: Partial anterior circulation ınfarct, PCA: Posterior cerebral artery, POCI: Posterior circulation infarct, TACI: Total anterior circulation infarct, TICI: Thrombolysis 
in cerebral infarction, TOAST: Trial of Org 10172 in Acute Stroke Treatment, IVT: Intravenous thrombolysis, EVT: Endovasculary treatments

Table 2. Baseline characteristics and outcome analysis of patients with LVO and low NIHSS score

n IVT (n=21) EVT (n=15)
IVT+EVT 
(n=11)

Test 
used

p-value

Site of vascular occlusion χ2 0.757

ICA 12 6 (28.6) 5 (33.3) 1 (9.1)

ICA-Tandem 4 1 (4.8) 2 (13.3) 1 (9.1)

MCA M1 11 3 (14.3) 4 (26.7) 4 (36.4)

MCA M2 18 11 (52.4) 4 (26.7) 3 (27.3)

Basilar artery 2 0 0 2 (18.2)

Baseline NIHSS, median (IQR) 5 (4.5-6) 5 (4-6) 5 (4-6) KW 0.921

Hemorrhage (all types) FE 0.678

Symptomatic 2 (9.6) 2 (13.3) 0 FE 1.00

Asymptomatic 0 2 (13.3) 0 FE 0.495

mRS at 90 days, median (IQR) 1 (0.5-3)* 0 (0-1) 0 (0-1) KW 0.006

mRS 0-2 14 (66.7) 13 (86.7) 10 (90.9) FE 0.086

Mortality 2 (9.5) 0 0 FE 0.194
Values are n (%), median (IQR)
*Indicates a significant difference compared with any other groups
FE: Fisher’s exact test, ICA: Internal carotid artery, IQR: Internal quartile range, KW: Kruskal-Wallis test, LVO: Large vessel occlusion, MCA: Middle cerebral artery, mRS: 
Modified Rankin scale, NIHSS: National Institutes of Health Stroke Scal, IVT: Intravenous thrombolysis, EVT: Endovasculary treatments
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than the bridging therapy group. This suggests that it is directly 
related to the low rate of functional independence in the EVT 
group. There are variable results regarding bridging therapy in the 
literature, but there is no significant difference in recanalization 
rates in general (7-11). In our study, no difference was found 

between the mTICI recanalization rates of patients who were tretaed 
with and without bridging theraphy. The reason for the statistically 
low rate of symptomatic intracranial bleeding in the IVT group 
and higher rate in the EVT group could be explained by the high 
complication rate of EVT modalities, in line with the literature 
(12,13). However, contrary to large-scale studies (11), the rate 
of asymptomatic bleeding was higher in the EVT group without 
bridging theraphy (14). The reason for this might be the possible 
high number of passes in this patient group who were admitted 
outside the thrombolytic treatment window, but the lack of detailed 
data on this was one of the weakness of our study. The mortality rate 
was lower in the IVT group than others. This could be explained 
by the fact that patients who had already undergone IVT alone had 
lower clinical baseline NIHSS scores than the other groups, and 
intracranial hemorrhage rates were lower in the IVT group.

There are different results in the literature on bridging 
therapy. There are studies showing that bridging therapy provides 
better clinical outcome, lower mortality and more successful 
recanalization (15-17), besides there are studies showing that 
the outcomes are not different (14,18) and even that intracranial 

Table 3. Overall characteristics and outcomes of patients between 2017 and 2020

Variable
2017 (12 
months)
(n=158)

2018 (12 months)
(n=169)

2019 (12 
months)
(n=173)

2020 (10 
months)
(n=90)

Test 
used

p-value

IVT 93 (58.9) 83 (49.1) 92 (53.2) 56 (62.2) χ2 0.185

Symptom-to-door, min; median (IQR) 78 (44.5-120) 100 (55-162) 60 (45-120)† 66 (50.7-120) KW 0.006

Door-to-needle, min; median (IQR) 58 (45.5-70) 51 (41-72) 60 (45.7-81) 76 (60-105)* KW <0.001

Hemorrhage 17 (19.3) 10 (12) 16 (17.3) 3 (5.4) χ2 0.114

Symptomatic 9 (9.6) 6 (7.2) 12 (13) 3 (5.4) χ2 0.390

mRS at 90 days median (IQR) 3 (1-4) 1 (0-3) 2 (0-4) 1 (0-4) KW 0.169

Death within 90 days 11 (11.8) 6 (7.2) 15 (16.3) 11 (19.6) χ2 0.141

EVT 37 (23.4) 50 (29.6) 52 (30.1) 25 (27.8) χ2 0.402

Symptom-to-door, min; median (IQR) 166 (45-223) 165 (60-244) 129.5 (60-240) 240 (114-448.5) KW 0.064

Door-to-puncture, min; median (IQR) 90 (64.5-120) 103 (70-120) 112 (80-154.5) 136 (87.5-200)† KW 0.004

Hemorrhage 19 (51.4) 25 (50) 20 (38.5) 11 (44) χ2 0.578

Symptomatic 7 (18.9) 18 (36) 13 (25) 6 (24) χ2 0.319

mRS at 90 days median (IQR) 3 (1.5-6) 3 (1-5.2) 3 (1.2-5) 3 (1-5.5) KW 0.924

Death within 90 days 10 (27) 12 (24) 11 (21.2) 6 (24) χ2 0.948

IVT+EVT 28 (17.7) 36 (21.3) 29 (16.8) 9 (11.5) χ2 0.241

Symptom-to-door, min; median (IQR) 60 (44.2-108.7) 64 (56.7-127.7) 90 (45-142.5) 58 (35.5-90) KW 0.430

Door-to-needle, min; median (IQR) 57.5 (44.7-108.7) 50.5 (37-60) 58 (50-72) 70 (64.5-95)† KW <0.001

Door-to-puncture, min; median (IQR) 119 (97.5-140) 120 (103.5-148.7) 119 (85-152.5) 130 (114-162.5) KW 0.540

Hemorrhage 11 (39.3) 14 (38.9) 10 (34.5) 4 (44.4) χ2 0.952

Symptomatic 8 (28.6) 10 (27.8) 7 (24.1) 4 (44.4) χ2 0.704

mRS at 90 days median (IQR) 3 (0-6) 1 (0-5) 3 (0-5.5) 3 (0-4) KW 0.762

Death within 90 days 9 (32.1) 8 (22.2) 7 (24.1) 0 χ2 0.265
Values are n (%), median (IQR)
*Indicates a significant difference compared with any other group,
†Indicates a significant difference compared with second group,
‡Indicates a significant difference compated with first group.
IQR: Interquartile range, KW: Kruskal-Wallis test, mRS: Modified Rankin scale, IVT: Intravenous thrombolysis, EVT: Endovasculary treatments

Figure 1. Modified Rankin scale score at 90 days in treatment groups
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hemorrhage is at a higher rate (19,20). In a few randomized 
controlled studies on the subject, it was concluded that bridging 
therapy in the anterior circulation did not make a significant 
difference in clinical outcome or that EVT alone was non-inferior 
to IVT+EVT (7,11,21). In three studies on this subject, bridging 
treatment in the anterior circulation did not make a significant 
difference on the clinical outcome, and two studies suggested that 
EVT alone was non-inferior to IVT+EVT. In a review by Chen et 
al. (14), it was concluded that bridging therapy had no effect on 
clinical outcome. Similar to this review, in our study, when bridging 
therapy applied in patients admitted within the first 4.5 hours 
and EVT alone groups were compared, there was no statistically 
significant difference in both symptomatic hemorrhage rates and 
independent functional outcome at 3 months (p=0.77, p=0.13). 
Likewise, administration of IVT before EVT did not affect 
recanalization rates (p=0.13). Considering that the EVT+IVT 
has no effect on functionality and recanalization success, and 
considering the potential financial burden it creates, applying it 
only to a selected patient group may increase cost effectiveness 
(22,23). However, more randomized controlled studies are needed 
on this subject.

According to the TOAST classification, which isa reliable and 
frequently used classification in the etiology of stroke, most of the 
patients were classified as having cardioembolic stroke. Compared 
to the literature, it was thought that the reason why small vessel 
disease was less common in our patient group was that patients 
with lacunar infarction presented with mild symptoms or outside 
the therapeutic window (24). The rate of large vessel occlusion 
among treatment groups was lower in the IVT group, as expected.

One of the most important factors affecting the outcome 
in the treatment of AIS is time. The median admission time 
to the hospital was recorded as 90 minutes. Our center being a 
referral center, referral of some of the patients, and city traffic 
in individual admissions might be the environmental factors 
affecting the length of the symptom-to-door time. However, 
the most important factor influencing the length of this period 
is the lack of awareness of stroke symptoms in the society, the 
expectation that these symptoms resolve on their own, and the lack 
of awareness that it is a situation that requires urgent intervention. 
Our study showed that there were still delays in the management 
of cerebrovascular diseases in which every minute isimportant. A 
very good organization is required in every step from admission to 
the hospital to the beginning of treatment.

In our center, the median door-to-needle time was recorded 
as 59 minutes. Similarly, in patients receiving EVT, the door-
to-puncture time was 112 minutes. Shorter duration between 
symptom onset and iv tPA was associated with better clinical 
outcome, less length of hospital stay, and a greater number of 
functionally independent patients (25). The most important factor 
prolonging this period was that both CT and diffusion MR and 
MRA imagings were performed in our center before treatment. 
Making a treatment decision with faster imaging techniques 
such as CT-CT angiography may play a role in shortening this 
period. Although the physical conditions of our hospital and 
the difficulties related to the patient/patient's relatives are 
important factors in the prolongation of this period, it needs to 
be improved. In terms of years, door-to-needle times in the IVT 
group, symptom-door and door-puncture times in the EVT group, 
and door-to-needle times in the combined IVT+EVT group were 

significantly longer in 2020 compared to other years. It is thougt 
to be related with the individual delay of patients in admitting 
to the hospital during the COVID-19 pandemic, the increase in 
the number of patients in need of ambulance services compared 
to the non-pandemic times and the precautions taken in isolation 
conditions of in-hospital transfer.

Considering the disability caused by stroke, 49.5% of the 
patients were mobilized independently, regardless of the treatment 
method. This rate was 56.2% in the group receiving IVT, 37.8% in 
the EVT group and 48.1% in the combined treatment group. The 
most important reason for this result was that the group receiving 
EVT had a higher admission NIHSS score and therefore had more 
severe stroke. For the same reason, mortality was higher in the group 
treated with EVT alone or combined with IVT (23.8% and 24,1%, 
respectively). Early physical therapy and rehabilitation for patients 
with mRS 3 and 4 may play a role in reducing long-term disability.

Study Limitations
There were some limitations of this study. There were missing 

data due to the retrospective nature of the study and the data 
records were not digitized in our hospital.

Conclusion
Stroke is one of the important causes of mortality and morbidity 

in adults all over the world, and its consequences create an economic 
burden in the individual and social sense. It was also seen in our 
study that the procedures applied in the treatment of acute stroke 
significantly reduced the mortality and morbidity caused by 
stroke. With the right selection of patient and treatment methods, 
almost half of the patients can continue their lives independently. 
Strategies should be developed to raise public awareness about the 
urgency and importance of early hospital admission.
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Objective: Hypothalamic-pituitary-adrenal (HPA) axis dysfunction is thought to be found in patients with multiple sclerosis (MS). Copeptin is a serum protein 
that is indicated as an indirect marker of HPA axis. The aim of this study was to evaluate the relationship between HPA axis and clinically silent MS (CSMS) by 
evaluating copeptin levels.
Materials and Methods: Sixty patients with CSMS which was defined as relapsing-remitting MS without attack and progression, and 60 healthy individuals 
were included in the study from September 2016 to September 2017. All patients were in the remission period. HPA axis dysfunction was examined by measuring 
serum copeptin levels in all individuals. Copeptin level was compared with clinical parameters in patients with MS.
Results: A total of 120 individuals were composed of 60 patients with CSMS and 60 healthy controls. The average ages of the patients and the control group 
were 37.1±8 (20-52) and 35.1±8.9 (18-54), respectively. The copeptin level was significantly lower in patients compared to the control group (p<0.001). In both 
groups, gender played no differential role in copeptin levels (p<0.05). No significant correlation was determined between copeptin levels, age (r=0.121, p=0.188), 
last Expanded Disability Status Scale score (r=-0.035, p=0.790) and disease duration (r=0.032, p=0.810).
Conclusion: These results indicate that HPA axis may also be hypoactive in remission period in patients with CSMS. According to our findings, we consider 
that copeptin levels can be used as a prognostic marker in patients with clinically inactive MS in the future.
Keywords: Hypothalamic pituitary adrenal axis, multiple sclerosis, copeptin

Amaç: Multipl sklerozlu (MS) hastalarda hipotalamus-hipofiz-adrenal (HPA) aksın disfonksiyonunun ortaya çıktığı düşünülmektedir. Kopeptin, HPA ekseninin 
dolaylı bir belirteci olarak belirtilen bir serum proteinidir. Bu çalışmanın amacı, kopeptin düzeylerini değerlendirerek HPA aksı ile klinik sessiz MS (KSMS) 
arasındaki ilişkiyi değerlendirmektir.
Gereç ve Yöntem: Eylül 2016-Eylül 2017 tarihleri arasında atak ve progresyon göstermeyen 60 KSMS tanılı hasta (ataksız ve progresyonsuz relapsing-
remitting MS’li hastalar) ve 60 sağlıklı birey çalışmaya dahil edildi. Tüm hastalar remisyon dönemindeydi. HPA aksın disfonksiyonu serum kopeptin düzeyleri 
ölçülerek değerlendirildi. Kopeptin düzeyleri MS’li hastalarda klinik parametrelerle karşılaştırıldı.
Bulgular: Altmış KSMS’li hasta ve 60 sağlıklı kontrol olmak üzere toplam 133 birey çalışmaya alındı. Hastaların ve kontrol grubunun yaş ortalamaları sırasıyla 
37,1±7,8 (18-60) ve 34,9±8,6 (18-54) idi. Kontrol grubuna göre hastalarda kopeptin düzeyi anlamlı olarak daha düşüktü (p=0,001). Her iki grupta da cinsiyet 
ile kopeptin düzeyleri arasında anlamlı fark yoktu (p<0,05). Kopeptin düzeyleri ile yaş (r=0,255, p=0,064), son Genişletilmiş Özürlülük Durum Ölçeği skoru 
(Expanded Disability Status Scale) (r=-0,126, p=0,325) ve hastalık süresi (r=0,168, p=0,187) arasında anlamlı bir ilişki saptanmadı.
Sonuç: Bu sonuçlar, KSMS’li hastalarda remisyon döneminde HPA aksının de hipoaktif olabileceğini göstermektedir. Bulgularımıza göre, kopeptin düzeylerinin 
klinik olarak aktivite göstermeyen MS’li hastalarda gelecekte prognostik belirteç olarak kullanılabileceğini düşünmekteyiz.
Anahtar Kelimeler: Hipotalamus-hipofiz-adrenal aks, multipl skleroz, kopeptin
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Introduction
Environmental and genetic factors are effective in the 

development and progression of multiple sclerosis (MS) which is 
an autoimmune disease. At this point, the neuroendocrine system 
has important functions in triggering autoreactive immunity (1,2). 
The neuroendocrine system, which also has an immunomodulatory 
role, performs these effects through hormones, by using connection 
pathways such as the hypothalamic-pituitary-adrenal (HPA) axis. 

The HPA axis dysfunction is reported in several studies in 
MS (2). One of the most important hormones in the HPA axis 
is arginine vasopressin (AVP). AVP, which has homeostatic, 
endocrinological and neurological effects, has a role in balancing 
the osmolality of plasma, responding to stress and adaptation (3). 
AVP shows its effects on three different receptors. It mediates 
arteriolar vasoconstriction via V1a receptor and antidiuretic effects 
via V2 receptor (3). V3 (also known V1b) receptor is found in the 
adenohypophysis and pancreas and provides adrenocorticotrophic 
hormone (ACTH) and insulin secretion, respectively (3). The 
measurement of AVP serum level is difficult because it is released 
in a pulsatile pattern, and is unstable due to its short half-life; 
moreover, it is bound to platelets at a high rate (4,5). Copeptin, 
which is a 39-amino acid peptide, is synthesized together with 
AVP from 164 amino acid polypeptide pre-provasopressin, a 
precursor molecule, located at the C-terminal part of the precursor 
molecule (6). Unlike AVP, it is a stable molecule and it is easy to 
measure its level in the plasma (5). Copeptin levels are indicators 
of AVP levels since activation of the HPA axis stimulates copeptin 
secretion into the circulation from the posterior pituitary gland in 
equimolar amounts with AVP. Therefore, copeptin levels can be 
used as a marker of HPA axis activity (3). 

The release of copeptin is activated not only by changes in 
plasma osmolality and blood volume, but also endogenous stress 
and inflammation (7). Moreover, copeptin has been reported 
to be a significant diagnostic and prognostic marker in many 
diseases such as ischemic stroke, intracerebral and subarachnoid 
hemorrhages, head trauma, acute myocardial infarction, heart 
failure and sepsis (4,6). It is also thought that copeptin has a role 
in neuroimmunological diseases. Although there are data that 
demonstrate HPA axis dysfunction in patients with MS, there 
are only a limited number of studies in which copeptin levels are 
evaluated. In these studies, the role of copeptin in MS has not been 
clarified. In the present study, patients with relapsing-remitting 
MS (RRMS) without attack(s) and progression [clinically silent 
MS (CSMS)], were included for evaluating the inflammatory 
nature of RRMS independently of attack or progression. We aimed 
to investigate HPA axis dysfunction by measuring serum copeptin 
levels of patients with MS, and to compare them with healthy 
subjects. 

Materials and Methods

Study Population
Sixty recently diagnosed patients with CSMS and 60 healthy 

individuals were included in the study from September 2016 to 
September 2017. Patients with RRMS were preferred because 
inflammation is prominent in this period, while neurodegeneration 
takes over in progressive MS clinical subtypes such as secondary 

progressive MS and primary progressive MS. Therefore, we thought 
that it was more accurate to measure copeptin levels to reflect HPA 
axis activity in patients with RRMS in which neuroinflammation 
is in the foreground. However, in order to assess the inflammatory 
nature of MS regardless of attack and progression, patients with 
Expanded Disability Status Scale (EDSS) scores below 5.0 and 
who had no attack for at least 6 months were included and they 
were named as patients with “clinically silent” MS. Patients were 
followed up whether they had an attack by monitoring their 
symptoms including fatigue, depressive symptoms and cognitive 
impairment that might be associated with in HPA axis dysfunction. 
In our clinic, if symptoms and neurological examination were 
suggestive of an attack, neuroimaging was performed. The 
eligibility criteria for inclusion were as follows: MS diagnosed by 
a neurologist, being aged between 18-59 years, no clinical and 
radiological attack(s) in the last six months, no progression in 
one year follow-up, and no corticosteroid treatment in the last six 
months. Patients with fluid-electrolyte imbalance, malignancy or 
psychiatric disease, patients with an acute inflammatory process 
such as sepsis and community-acquired pneumonia, patients who 
had an ischemic stroke, acute myocardial infarction or chronic 
obstructive pulmonary disease exacerbation in last three months, 
patients who received oral corticosteroid or pulse corticosteroid in 
the last six months, and patients with history of chronic diseases 
such as cardiovascular disease, kidney or liver failure, diabetes 
mellitus, diabetes insipidus and other endocrine impairments were 
excluded from the study. The data of age, sex, course of disease 
(initial symptom, MS type, disease duration, EDSS score), and 
treatment were recorded. According to the EDSS score, patients 
were scaled between 0 and 10, with higher scores indicating 
increased disability.

Sixty healthy volunteers who did not have neurological, 
psychiatric or endocrinological diseases and did not use any drugs 
were included. University of Health Sciences Turkey, Izmir Tepecik 
Training and Research Hospital Ethics Committee approved the 
study (approval no: 29/2016). Informed consent forms in line with 
the Declaration of Helsinki were obtained from all patients and 
healthy volunteers. 

Copeptin Level Analysis
Copeptin level measurement was preferred in our study due 

to the fact that copeptin levels were reported to be superior to 
cortisol levels in measuring stress levels, and that cortisol level is 
influenced by strong circadian rhythms, and that it was challenging 
to measure it as a free molecule (8). Blood samples were collected 
in EDTA tubes from both patient and control groups between 
08.00-08.30 a.m., following an 8-hour fasting time. Venous 
blood samples were immediately stored at 4 °C for 15 minutes, 
centrifuged at 4000 rpm for 10 minutes, and extracted plasma 
was stored at -86 °C. Serum levels of copeptin were detected by 
using ELISA commercial kits (Phoenix Pharmaceuticals, inc., EK-
065-32) in the immunology laboratory. Assay sensitivity was 0.12 
ng/ml, range was 0-100 ng/ml and the inter-assay and intra-assay 
coefficients of variations were 5-10% and <15%, respectively. 

Statistical Analysis
Statistical analyses were performed using the Statistical 

Package for Social Sciences (SPSS) v.20.0 (IBM Corp. Armonk, 
NY: USA., Released 2011) package program. Standard deviation, 
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mean-minimum-maximum values and frequency values were used 
as descriptive statistics. In the analysis of categorical variables, X2 
test was used. In independent samples, qualitative analysis was 
made with a t-test. The potential linear relationship between 
copeptin levels and disease was assessed with the Pearson correlation 
analysis. P<0.05 was considered statistically significant. 

Results
A total of 120 subjects consisting of 60 patients with CSMS 

(65% of them were females) and 60 healthy controls (68% of them 
were females) were included in the study. The mean ages of the 
patients and the healthy subjects were 37.1±8 (20-52), 35.1±8.9 
(18-54), respectively. There was no age difference between the 
two groups (p=0.189). Disease duration was 12.3±6.5 years 
and EDSS score was between 0 and 4 (2±0.8). Initial symptoms 
were sensory in 16 patients (26.7%), pyramidal in 14 (23.3%), 
optic in 12 (20%), brainstem in 12 (20%), cerebellar in 3 (5%), 
cerebellar and sensory in 2 (3.3%), and spinal in 1 (1.7%) patient. 
Ten patients (16.7%) did not receive either immunomodulatory or 
immunosuppressive treatments. Table 1 shows the demographic 
and clinical characteristics of the patients. 

The mean values of copeptin level were 0.23±0.18 ng/ml 
(0.01-0.64) in patients with MS and 0.43±0.31 ng/ml (0.1-1.5 
ng/ml) in the control group (p<0.001) (Figure 1). In both groups, 
no difference was found between copeptin levels and gender 
(p=0.699). No significant correlation was determined between 
copeptin levels and age (r=0.121, p=0.188), EDSS score (r=-
0.035, p=0.790), or disease duration (r=0.032, p=0.810) (Table 
2). There was no significant difference in copeptin levels between 
those in the patient group with treatment and those not receiving 
any treatment (p=0.914). No relation was identified between 
the initial symptoms and copeptin levels in the patient group 
(p>0.05). 

Discussion
The potential mechanisms of HPA dysfunction are damage to 

the hypothalamus or a secondary effect of a global stress response 
to the disease (9). Although there are studies showing that the 
low reactivity of the HPA axis increases the susceptibility to 
experimental allergic encephalomyelitis, which is the animal 
experimental model for MS, HPA axis has also been reported to be 
hyperactive in several clinical studies (10,11,12,13). Enlargement 
in adrenal glands and an increase in the number of neurons co-
expressing corticotrophin-releasing hormone and AVP (CRH/AVP 
neurons) were reported in postmortem studies (14,15,16). The 
observation of HPA axis hyperactivity in MS was further supported 
by an increased cortisol level in cerebrospinal fluid (17). Against 

Figure 1. Copeptin levels of patients with CSMS and control group
CSMS: Clinically silent multiple sclerosis

Table 1. Demographic and clinic features of patients with CSMS and healthy controls
CSMS Control *p

n 60 60

Age 37.17±8.00 35.12±8.95 0.189

Sex (female/male) 39/21 41/19 0.699

Duration of follow-up/year (mean ± SD) 6.52±5.28 - -

Duration of disease/year (mean ± SD) 12.37±6.58 - -

First EDSS score (min-max) 2.22±0.81 (1-4) - -

Last EDSS score (min-max) 2.07±0.89 (0-4) - -

Duration between first two attacks (year) 2.20±2.23 (0.1-11) - -

Treatment (%) -

Interferon 29 (48.3) - -

Glatiramer asetat 10 (16.7) - -

Fingolimod 10 (16.7) - -

Natalizumab 2 (3.3) - -

Not treated 10 (16.7) - -

Copeptin (ng/ml) 0.235±0.186 0.435±0.31 <0.001
* t-test was evaluated for independent examples. n: Number, CSMS: Clinically silent multiple sclerosis, EDSS: Expanded Disability Status Scale, SD: Standard deviation, 
min: Minimum, max: Maximum
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these data, Limone et al. (18) found normal HPA axis functions in 
patients with MS. These controversial results may be due to the 
difficulty of quantifying HPA axis activity (9). Many studies use 
cortisol level to measure HPA axis activity, but cortisol levels are 
often unreliable and difficult to standardize (9). Copeptin is an 
easy to measure stable marker. 

The relationship between MS and copeptin was evaluated in 
only three studies. In the first study, Baranowska-Bik et al. (19) 
measured copeptin levels in the relapse period of 40 patients with 
newly diagnosed clinically defined RRMS that consisted of lean, 
over-weight and obese subjects, who were not receiving treatment 
during the study period. Unlike our study, all patients were 
symptomatic due to disease relapse. They found plasma copeptin 
levels to be significantly higher in the MS group, especially 
in overweight and obese patients (19). Prokopova et al. (20) 
measured copeptin levels in 19 patients with newly-diagnosed 
MS who were in remission period and without treatment, and 
19 healthy volunteers. Copeptin level was lower in patients 
compared to controls, similar to our study, and authors noted that 
the difference was at the border of statistical significance. Also, 
regardless of the diagnosis, men had higher copeptin levels than 
women. Consequently, they suggested that HPA axis hyperactivity 
might not yet develop in the early stages of MS (20). Recently, 
Koseoglu et al. (21) investigated plasma copeptin levels in patients 
with RRMS and healthy controls. They divided patients with MS 
into three groups as patients without a prior attack in 12 months, 
patients with a clinical acute attack, and patients who received 
attack treatment one month ago. They called these groups as MS 
control, MS relapse, and MS remission, respectively. In contrast to 
our study, they found copeptin levels higher in all patients with 
RRMS than healthy controls and they did not find any significant 
correlation between copeptin levels and patients’ age, disease 
duration and EDSS score, as in our study. In addition, the copeptin 
level was significantly lower in the MS relapse group compared to 
the MS remission group. They also found copeptin levels higher in 
the MS control group than the MS relapse group, but this finding 
did not reach statistical significance. Therefore, they suggested 
that copeptin levels might decrease in an acute attack. These 
incompatible results with our study may be due to study design 
and patient selection criteria. We did not include patients with 
acute attack and defined the absence of an attack in the last six 
months as “clinically silent” MS. 

Copeptin levels were reported to be higher in males compared 
with females in healthy subjects (22). Some authors found a 
correlation between age and copeptin levels, whereas some did 
not (6,23). In our study, significant correlation of copeptin levels 
with neither age nor gender was shown. In the present study, we 
found different results than previous studies which evaluated 
the correlation of MS and copeptin levels, due to different study 
designs. Sample size was larger and duration of disease in patients 
with RRMS was longer in our study than the two studies and also 
patients were receiving different treatments in our study (19,20). 

In most studies where copeptin levels were determined to be high, 
measurements were performed in the acute phase of the disease. 
In the acute phase of critical diseases, it is known that vasopressin 
and other stress hormones are released abruptly and massively (7). 
It was observed that copeptin levels increased on the first days 
of myocardial infarction, subarachnoid hemorrhage, and brain 
trauma, after which they gradually decreased (23,24). In patients 
with MS, copeptin levels were found to be higher in the relapse 
period (19). HPA axis hyperactivity during acute relapse in patients 
with MS is thought to be secondary to an active inflammatory 
response (25,26). This hyperactivity is thought to be a protective 
mechanism against excessive immune response (25). Some studies 
have examined cortisol and ACTH level measurements, and 
dexametasone/CRH test to demonstrate HPA activity (13,25,27). 
In addition, the presence of gadolinium enhancing lesions in the 
brain as an indicator of disease activity was also considered to be 
associated with HPA axis dysfunctions (27). Patients with MS in 
remission period were included in our study in order to minimize 
the activating effect of acute inflammation on the HPA axis 
function, therefore, we thought that copeptin levels were lower in 
the patient group due to the remission period.

Some studies have suggested that HPA dysfunction is also 
associated with clinical features of MS. HPA axis activity was 
found to be associated with fatigue, depressive symptoms, 
cognitive impairment, clinical type, and disease progression in 
several studies (12,25,28,29,30). The relation between disability 
which is detected with EDSS score and HPA axis hyperactivity 
is contradictory. While some authors noted a correlation between 
increased HPA axis activity and neurological disability measured 
with EDSS score, others did not determine such a correlation 
(12,27). Then Bergh et al. (12) found no significant correlation 
between indicators of HPA axis activation and disease duration. 
In the present study, no significant correlation was identified in 
patients with MS between copeptin levels and initial symptoms, 
EDSS score, and disease duration. 

Kümpfel et al. (31) suggested that more adrenal activation 
compatible with adrenal sensitization occurred due to chronic HPA 
axis activity in patients with untreated MS. Therefore, they concluded 
that HPA axis regulation remained more stable in patients receiving 
disease modifying treatment such as interferon beta, glatiramer 
acetate, azathioprine and monthly intravenous methylprednisolone 
(31). However, Limone et al. (18) showed that HPA axis functions 
were not affected by interferon beta treatment. In our study, no 
difference in copeptin levels was found in those with and without 
treatment or among different treatments. In addition to being in a 
remission period, the majority of patients’ being treated may explain 
the absence of an increase in the level of copeptin. 

Study Limitations
Our study had several limitations. Firstly, the sample size 

was quite reasonable but not enough to evaluate treatment effect 
on HPA axis. Secondly, levels of other hormones such as cortisol 
and ACTH were not measured and dexamethasone/CRH test 

Table 2. Correlation analysis of clinical parameters and copeptin levels in patients with CSMS
Age First EDSS score Last EDSS score Duration between first two attacks Duration of disease

*Copeptin
r=0.121
p=0.188

r=0.116
p=0.378

r=-0.035
p=0.790

r=-0.032
p=0.810

r=0.143
p=0.276

*Pearson correlation was used. CSMS: Clinically silent multiple sclerosis, EDSS: Expanded Disability Status Scale
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was not performed, all of which were associated with the HPA 
axis. Thirdly, neuroimaging was performed if the symptoms and 
neurological examination of the patients were suggestive of an 
attack. Otherwise, we did not routinely perform MRI for silent 
radiological activities which might lead to underestimation of 
clinically silent but radiologically active patients. Fourthly, we did 
not include patients with MS in a relapse period, which might 
be useful to better understand the relationship between copeptin 
levels and different stages of disease. Fifthly, because of the cross-
sectional design of the study, we did not evaluate copeptin levels in 
the relapse period of the same patient group. However, the aim of 
this study was to compare copeptin levels in patients with CSMS 
with healthy controls. Future prospective studies are needed to 
clarify the role of copeptin in patients with MS.

Conclusion
Copeptin levels are lower in patients with CSMS in our study. 

Low copeptin levels may indicate hypoactivity of the HPA axis 
when the disease is inactive. New studies are required to evaluate 
the relationship between low copeptin values and predisposition to 
MS and its clinical importance. 
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Amaç: Hiperhomosisteinemi, kardiyovasküler hastalıklar açısından bağımsız bir risk faktörüdür. Hem antifibrinolitik hem de kanama eğilimine neden olabilecek 
etkileri vardır. Çalışmamızda, akut iskemik inmede trombolitik tedavi üzerine etkileri incelendi.
Gereç ve Yöntem: Çalışmada, 2005-2021 yılları arasında hastanemizde intravenöz (iv) doku plazminojen aktivatörü (tPA) tedavisi alan ve 3 gün içinde 
bakılmış homosistein (Hcy) düzeyi olan hastalar tPA etkinliği, prognoz ve intraserebral kanama açısından değerlendirildi. iv tPA tedavisi etkinliği, 24. saat NIHSS 
skorunda azalma durumuna göre etkin cevap (en az 4 puan azalma veya skorun sıfır olması) ve dramatik cevap (en az 8 puan azalma veya skorun sıfır ya da bir 
olması) olarak kategorize edildi. Üçüncü ayda değerlendirilen modifiye Rankin skalasına göre 0 ve 1 puan “mükemmel sonlanım”; 0, 1 ve 2 puan “iyi sonlanım” 
olarak sınıflandırıldı. iv tPA sonrası serebral kanama sınıflandırması için kontrastsız beyin bilgisayarlı tomografide (BT) Fiorelli’s sınıflaması kullanıldı.
Bulgular: Çalışmaya dahil edilen 182 hastanın (yaş ortalaması 71±14 yıl; 99 kadın) %46,7’sinde etkin cevap, %31,3’ünde dramatik cevap izlendi. Hastaların 
%33’ünde mükemmel sonlanım, %53,3’ünde iyi sonlanım görüldü. iv tPA sonrası kontrol beyin BT’de hastaların %15,9’unda herhangi bir şiddette serebral 
kanama, %,5,5’inde parankimal hematom tip 2 tespit edildi. Prognoz, tPA cevabı ve tPA sonrası serebral hemoraji durumuna göre yapılan analizlerde Hcy düzeyi 
ve farklı kesim değerleri ile oluşturulan subgruplar arasında bir farklılık saptanmadı.
Sonuç: Çalışmamızda, fibrinolizis ve vasküler bütünlük üzerine negatif etkileri olduğu bilinen hiperhomosisteineminin iv tPA etkinliği, prognozu ve 
komplikasyonları üzerine belirgin bir etkisi gösterilememiştir. Bu etkilerin daha iyi ortaya konulabilmesi için prospektif ve geniş katılımlı çalışmalara ihtiyaç 
vardır.
Anahtar Kelimeler: Homosistein, doku plazminojen aktivatörü, akut iskemik inme

Öz

Objective: Hyperhomocysteinemia is an independent risk factor for cardiovascular diseases. It has paradoxically both antifibrinolytic and pro-hemorrhagic effects. 
In the study, we investigated the effect of homocysteine (Hcy) levels on thrombolytic therapy in patients with acute ischemic stroke.
Materials and Methods: Patients who received intravenous (iv) tissue plasminogen activator (tPA) between 2005 and 2021 and had Hcy levels measured 
within the first 3 days were reviewed in terms of tPA efficacy, prognosis and intracerebral hemorrhage. The efficacy of tPA treatment was categorized as effective 
response (decrease of at least 4 points or a decrease in score to zero) and dramatic response (decrease of at least 8 points or a decrease in score to either zero or one) 
according to NIHSS score at 24 hours. Scores of 0 and 1 were classified as “excellent outcome”, and scores of 0, 1, and 2 were classified as “good outcome” on the 
modified Rankin scale evaluated at 3 months. Hemorrhagic transformation was evaluated according to Fiorelli’s classification.
Results: Effective response was observed in 46.7% of the 182 patients (mean age 71±14 years; 99 women) included in the study, and dramatic response in 31.3%. 
Excellent outcome was reported in 33% of the patients, and good outcome in 53.3%. Cerebral hemorrhage of any severity was detected in 15.9% of the patients, 
and parenchymal hematoma type 2 in 5.5%. In the analyses made for assessing iv tPA response and cerebral hemorrhage status, no difference was found in terms 
of Hcy level and between the subgroups formed with different cut-off values of Hcy level.
Conclusion: In our study, hyperhomocysteinemia, which is known to have negative effects on fibrinolysis and vascular integrity, did not show a significant effect 
on iv tPA efficacy, prognosis and complications. Prospective and large-sample sized studies are needed to better demonstrate these effects.
Keywords: Homocysteine, tissue plasminogen activator, acute ischemic stroke
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Introduction
Homocysteine (Hcy) is a sulfur amino acid that does not take 

part in the protein structure and is located at the intersection 
of re-methylation and trans-sulfuration metabolic pathways. 
It plays a role in the synthesis of S-adenosine methionine 
(general methyl donor in methylation reactions), methionine, 
cysteine, alpha-ketobutyrate and  taurine (1). It also plays a role 
in reactions in which vitamin B12, folic acid and pyridoxine 
are co-enzymes. If its level is above 15 μmol/l, it is defined as 
hyperhomocysteinemia. According to the plasma Hcy level; it is 
classified as mild hyperhomocysteinemia between 16-30 μmol/l, 
moderate between 31-100 μmol/l and severe over 100 μmol/l 
(2). Hyperhomocysteinemia can be observed frequently due to 
genetic and environmental (vitamin deficiencies, kidney failure, 
thyroid dysfunction, cancer, psoriasis, diabetes, alcohol, smoking, 
advanced age, menopause, etc.) factors (3).

Hyperhomocysteinemia is an independent risk factor for 
cardiovascular diseases (4). Hcy causes oxidative stress, calcium 
entry into the cytoplasm, induction of cell apoptosis and 
endothelial dysfunction by binding to the N-methyl-D-aspartate 
receptor, an excitatory neurotransmitter. It triggers phagocytes 
to form foam cells by reacting with apoB parts of lipoproteins 
(3,5,6). Elastolysis mediated by metalloproteinases in the arterial 
wall is induced at high Hcy levels. Deteriorated vascular integrity 
is associated with hemorrhagic complications (7,8). Increased 
Hcy in plasma is converted to homocysteine-thiolactone, a potent 
oxidant. Homocysteine-thiolactone causes oxidative changes on 
plasma proteins such as fibrinogen (9). It has been shown that the 
microscopic structure of Hcy-associated fibrin fiber is different 
from the controls and it has a short, thick and more branched 
compact structure. This change in fibrin fibers complicates 
fibrinolysis (10).

The efficacy of intravenous (iv) tissue plasminogen activator 
(tPA) treatment has been demonstrated in acute ischemic stroke 
(AIS) and it is routinely applied in appropriate patients (11). In 
our study, we evaluated the effect of plasma Hcy level on the 
efficacy and prognosis of iv tPA treatment and the complications 
of cerebral hemorrhage that may develop after treatment.

Materials and Methods
Among the 263 patients who received iv tPA treatment without 

mechanical thrombectomy, who were hospitalized and evaluated 
in our hospital between the years 2005 and 2021; 182 (mean age 
71±14 years; 99 women) patients with Hcy levels measured in 
the first 3 days were evaluated in terms of tPA efficacy, prognosis, 
and intracerebral hemorrhage. Age, gender, stroke risk factors, 
stroke etiology, length of stay, admission National Institutes 
of Health Stroke Scale (NIHSS) score, 24th hour NIHSS score, 
symptom onset-tPA onset time (min), and 3rd month modified 
Rankin scale (mRS) score were recorded in a prospectively created 
stroke database. Plasma Hcy, mean corpuscular volume (MCV), 
folic acid and vitamin B12 levels of the patients were analyzed 
retrospectively. Ethical approvals were obtained from the Hacettepe 
University Non-Invasive Clinical Research Ethics Committee for 
the stroke database and the project (decision no: 2022/07-48, date: 
19.04.2022).

Etiology of stroke was evaluated according to the “Causative 
Classification of Stroke System (CSS)” stroke classification (12). 

Stroke severity was measured with the NIHSS score (13). The 
NIHSS score was measured at the time of admission, at the 
24th hour of iv tPA treatment, and at discharge. Disability was 
determined by the mRS score (14) measured at the 3rd month. 
The efficacy of iv tPA treatment was assessed by measuring the 
reduction in the NIHSS score at 24 hours compared to admission. 
Accordingly, a decrease of at least 4 points in the NIHSS score or 
a zero NIHSS score at the 24th hour was considered an effective 
response. A dramatic response was defined as a decrease of at least 
8 points in the NIHSS score or a NIHSS score of 0 or 1 at 24 hours. 
Analyses were performed between the groups with and without 
an effective response, and between the groups with and without 
a dramatic response. Effective response and dramatic response 
groups were not compared with each other. At 3 months, mRS 
scores of 0 and 1 were classified as “excellent outcome” and mRS 
scores of 0, 1 and 2 were classified as “good outcome” (15,16).

Cerebral hemorrhage after iv tPA treatment was evaluated 
according to the Fiorelli classification in the control non-contrast 
brain computed tomography (CT) performed at 24-36 hours. Since 
the parenchymal hematoma-2 (PH-2) category was associated with 
early neurological deterioration and 3-month mortality, patients 
in this category were analyzed separately in the study (17).

Statistical Analysis
Analyses were performed with SPSS version 22. All data 

were expressed as mean ± standard deviation, median (min-
max), mean (95% confidence interval), or percentage according 
to their characteristics. The normal distribution was evaluated 
with Kolmogorov-Smirnov test for effective response, dramatic 
response, excellent outcome, and good outcome groups with a 
sample size greater than 50. Shapiro-Wilk test was used to evaluate 
the normal distribution for the groups with a sample size of less 
than 50 in the cerebral hemorrhage and PH-2. Mann-Whitney 
U for numerical variables and chi-square/Fisher’s exact test was 
used for categorical variables, since the data did not show normal 
distribution in evaluating the difference between groups. P<0.05 
was considered statistically significant.

Results
Etiologies of stroke according to CSS in 182 patients 

included in the study were as follows: Cardioembolism in 
31.3%, cryptogenic embolism in 30.2%, cryptogenic stroke in 
14.3%, small vessel disease in 6.6%, large vessel atherosclerosis 
in 6.6%, stroke of undetermined etiology in 5.5%, insufficient 
investigation in 3.8% and stroke of other determined etiology in 
1.6%. Median (min-max) serum Hcy level of the patients was 14.2 
(2.2-200) μmol/l, MCV was 86.8 (59.8-108.9) fL, folic acid level 
was 8.7 (1.9-24.8) μg/l and vitamin B12 level was found to be 
189 (19-1179) ng/l. High Hcy levels were observed in 45.6% of 
the patients. The median Hcy level was 15.4 (2.3-41) μmol/l in 
patients with cardioembolism, 13.2 (2.2-110) μmol/l in patients 
with cryptogenic embolism, 13.5 (5.8-36.2) μmol/l in patients 
with cryptogenic stroke), 13.2 (6.8-37.5) μmol/l in patients with 
small vessel disease, 13 (6.6-200) μmol/l in patients with large 
vessel atherosclerosis, 13.8 (11.2-23.3) μmol/l in patients with 
stroke of undetermined etiology, 12.7 (9.2-29.8) μmol/l in those 
with insufficient research, and 10.6 (6-21.2) μmol/l in those with 
stroke due to other causes. No statistically significant difference 
was observed in Hcy levels according to stroke etiology.
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An effective response was observed in 46.7% of the patients 
and a dramatic response was observed in 31.3% of the patients with 
intravenous thrombolysis (IVT). The time between symptom onset 
and administration of IVT was statistically significantly shorter, 
and the frequency of cerebral hemorrhage and the length of hospital 
stay were statistically significantly lower in the effective response 
group. In the dramatic response group, the frequency of cerebral 
hemorrhage and length of hospital stay, as well as the frequency 
of hypertension, were found to be statistically significantly lower. 
Although Hcy level was lower in those with effective and dramatic 
responses, no statistically significant difference was found between 
groups formed with Hcy level and its different cut-off values in 
terms of effective response and dramatic response (Table 1).

Excellent outcome was observed in 33% of the patients, and 
good outcome was observed in 53.3% of the patients. Age, NIHSS 
score at admission, frequency of cerebral hemorrhage, and length of 
hospital stay were statistically significantly lower in the excellent 
outcome and good outcome groups. In addition, the frequency 
of hypertension in the excellent outcome group was also found 
to be statistically significantly lower. There was no statistically 
significant difference in terms of excellent outcome and good 
outcome according to the groups formed with Hcy level and its 
different cut-off values (Table 2).

In the control brain CT after IVT, cerebral hemorrhage of 
any severity was detected in 15.9% of the patients and PH-2 in 

5.5% of the patients. Although the length of hospital stay was 
statistically significantly longer in both groups, the frequency 
of atrial fibrillation and the NIHSS score at admission were 
also statistically significantly higher in patients with cerebral 
hemorrhage. No statistically significant difference was found in 
the cerebral hemorrhage and PH-2 groups according to the groups 
formed with Hcy level and its different cut-off values (Table 3).

Since there were studies in the literature suggesting that the 
effect of Hcy levels on prognosis was more pronounced in patients 
with thrombocytopenia, analyses were repeated in the group with 
thrombocytopenia (platelet count <159,000 cells/μl) (data not 
presented) (18). No statistically significant difference was observed 
in the efficacy of iv tPA, the prognosis of the patients, and the 
frequency of hemorrhage after iv tPA according to the presence of 
hyperhomocysteinemia.

Discussion
The potential effects of increased Hcy levels, which may cause 

both antifibrinolytic and bleeding tendency, are known. In a 
study conducted by measuring hemostatic risk factors in 3.216 
participants without cardiovascular disease, it was shown that high 
Hcy level was associated with increased plasminogen activator 
inhibitor-1 and tPA antigen levels. This suggests that increased 
Hcy level is associated with deterioration in fibrinolytic potential 
(19). The effects of Hcy on the fibrin system are described through 

Table 1. Response to intravenous tPA therapy
Effective response Dramatic response 

Yes (n=85) No (n=96) p Yes (n=57) No (n=124) p

Age 71±15 71±14 0.904 71±16 71±14 0.935

Female 58% 52% 0.453 63% 51% 0.121

BMI 27.6±5.4 27.3±4.8 0.902 28±5.8 27.1±4.6 0.585

HT 65.9% 77.1% 0.095 59.6% 77.4% 0.014

DM 27.1% 32.3% 0.443 22.8% 33.1% 0.161

AF 16.5% 19.8% 0.564 17.5% 18.5% 0.871

NIHSS score at admission 12±6 11±6 0.298 12±6 11±6 0.543

Symptom onset to tPA time (min) 166±62 198±68 <0.001 176±69 185±66 0.206

Presence of hemorrhage 7.1% 24% 0.002 5.3% 21% 0.007

Stay at hospital 10±16 19±22 <0.001 11±18 17±21 <0.001

Cardioembolism 41.3% 39.3% 0.826 42.5% 39.2% 0.732

Large vessel atherosclerosis 8.2% 5.2% 0.414 7% 6.5% 1

Small vessel disease 4.7% 8.3% 0.328 5.3% 7.3% 0.755

Hcy (µmol/l) 15.9±7.7 19.9±24.6 0.88 15.3±7.1 19.3±22.1 0.628

Hcy >15 µmol/l 42.4% 47.9% 0.453 38.6% 48.4% 0.219

Hcy >30 µmol/l 4.7% 8.3% 0.328 3.5% 8.1% 0.345

Hcy >100 µmol/l 0% 2.1% 0.499 0% 1.6% 1

Q4 (Hcy) 22.4% 25% 0.676 17.5% 26.6% 0.183

MCV (fL) 85.7±7.8 87±6.7 0.551 85.5±8.2 86.8±6.7 0.49

Folic acid (µg/l) 10.1±5.4 9.5±5.1 0.588 10±5.7 9.7±5 0.775

B12 vitamin (ng/l) 267±184 224±148 0.032 244±193 244±153 0.786
BMI: Body mass index, HT: Hypertension, DM: Diabetes mellitus, AF: Atrial fibrillation, NIHSS: National Institutes of Health Stroke Scale, tPA: Tissue plasminogen activator, 
Hcy: Homocysteine, MCV: Mean corpuscular volume, Q4: Homocysteine 4th quarter by level
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several mechanisms in the literature. Hcy inhibits the cell surface 
protein annexin A2 complex, which acts as a coreceptor for 
plasminogen and tPA. It has been shown that annexin A2 isolated 
from hyperhomocysteinemic mice cannot fully support tPA-
dependent plasmin activation (20). High Hcy level leads to the 
formation of shorter, branched and compact fibrin fibers. Fibrin 
fibers of this structure are resistant to fibrinolysis (21,22,23,24). 
On the other hand, increased Hcy causes an increase in endothelial 
dysfunction and blood-brain barrier permeability in addition to 
these anti-fibrinolytic effects. For this reason, there is information 
in the literature that increased level of Hcy may also contribute to 
the hemorrhagic processes (7,25).

Despite these effects of high Hcy levels detected in animal 
studies and in vitro experiments, this interaction could not be 
clearly demonstrated in studies conducted in patients with AIS 
receiving thrombolytic therapy to examine the effect of Hcy levels 
on thrombolytic treatment. There were studies that associated 
hyperhomocysteinemia with a high NIHSS score, poor outcome, 
and symptomatic intracerebral hemorrhage. (26,27,28) In these 
studies with a similar sample size as our study, it was observed 
that the ratio of male sex, which was known to be associated with 
higher Hcy levels in all age groups, was significantly higher than 
our study (29). When the Hcy levels of the participants were 
compared, the mean ± standard deviation of the Hcy level was 
22.62±21.23 μmol/l in a study (27) and 27.57±20.17 μmol/l in 

another study (26), whereas in our study, the median (min-max) of 
Hcy level was 14.2 (2.2-200) μmol/l, lower than the levels reported 
in these two studies. In these studies, it was observed that stroke 
severity and outcome parameters in different groups of Hcy levels 
were evaluated rather than evaluating hyperhomocysteinemia in 
patients with poor and good outcome, and mean NIHSS scores 
at baseline and at first week were used to measure the efficacy of 
thrombolytic therapy (26,27,28). There are common risk factors 
affecting both the severity of stroke and hyperhomocysteinemia. 
In these studies, the frequencies of risk factors such as smoking 
and diabetes mellitus were found to be higher in groups with 
high Hcy levels. As a matter of fact, in one of these studies, it was 
stated that the contribution of Hcy level to the outcome decreased 
when adjustment was made for the confounding factors (28). In 
a study evaluating the Hcy level before thrombolytic treatment, 
no relationship was found with recanalization and outcome (30). 
Unlike studies that associated high Hcy levels with cerebral 
hemorrhagic complications, symptomatic intracerebral hemorrhage 
(4 point increase in NIHSS score with hemorrhage or hematoma 
detected by CT) was evaluated in some other studies (26,27). In 
our study, the frequency of cerebral hemorrhage of any severity 
was 15.6%, while the frequency of symptomatic intracerebral 
hemorrhage was reported as 47.5% in one of these studies (26). 
There were also studies in the literature indicating that the Hcy 
level measured before thrombolytic therapy was not associated 

Table 2. Prognosis
Excellent outcome Good outcome 

Yes (n=60) No (n=122) p Yes (n=97) No (n=53) p

Age 65±16 75±12 <0.001 67±16 77±11 <0.001 

Female 53% 55% 0.840 51% 59% 0.262

BMI 28.5±5.2 27±5 0.275 28.3±5.9 26.4±3.8 0.164

HT 58.3% 78.7% 0.004 66% 78.8% 0.054

DM 25% 32.8% 0.282 26.8% 34.1% 0.284

AF 16.7% 18.9% 0.719 16.5% 20% 0.54

NIHSS score at admission 9±6 13±6 <0.001 9±5 14±6 <0.001 

Symptom onset to tPA time (min) 174±68 187±66 0.275 177±61 189±72 0.302

Presence of hemorrhage 8.3% 19.7% 0.049 9.3% 23.5% 0.009

Stay at hospital 7±5 19±23 <0.001 8±7 24±26 <0.001

Cardioembolism 36.8% 42% 0.595 41.3% 39.3% 0.826

Large vessel atherosclerosis 6.7% 6.6% 1 5.2% 8.2% 0.403

Small vessel disease 8.3% 5.7% 0.534 8.2% 4.7% 0.337

Hcy (µmol/l) 15.5±6.8 19.3±22.3 0.709 18±20.3 18.1±16.9 0.761

Hcy >15 µmol/l 40% 48.8% 0.287 50.6% 49.4% 0.505

Hcy >30 µmol/l 3.3% 8.2% 0.342 6.2% 7.1% 0.813

Hcy >100 µmol/l 0% 1.6% 1 1% 1.2% 1

Q4 (Hcy) 21.7% 25.4% 0.579 25.8% 22.4% 0.591

MCV (fL) 85.5±7.5 86.8±7 0.215 85.8±7.3 87±7.1 0.411

Folic acid (µg/l) 9.7±4.7 9.9±5.5 0.955 10.1±5.1 9.5±5.4 0.418

B12 vitamin (ng/l) 252±197 240±149 0.927 244±191 243±131 0.329
BMI: Body mass index, HT: Hypertension, DM: Diabetes mellitus, AF: Atrial fibrillation, NIHSS: National Institutes of Health Stroke Scale, tPA: Tissue plasminogen activator, 
Hcy: Homocysteine, MCV: Mean corpuscular volume, Q4: Homocysteine 4th quarter by level
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with cerebral hemorrhage and that hyperhomocysteinemia was not 
an independent risk factor for hemorrhagic transformation, similar 
to our study (31,32).

Study Limitations

Our study has some limitations. The study was conducted 
retrospectively and the presence of correlation could not be 
excluded due to the small number of patients. Plasma Hcy level 
can be affected by age, gender, smoking, coffee consumption, 
protein consumption, drugs (antiepileptics, fibrates, diuretics, 
etc.), kidney and thyroid functions (33). It was not possible to 
evaluate all of these factors in patients.

Conclusion
In our study, despite the previously reported effects of increased 

Hcy levels on antifibrinolytic and vascular integrity, a significant 
effect of Hcy level on iv tPA efficacy, prognosis and complications 
was not demonstrated. If there is an effect, it has to be a low-to-
moderate effect, and there is a need for prospective studies with 
large participation in order to reveal such effect.
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Objective: To understand how the patients’ and their study partners’/caregivers’ perspectives on cognitive decline change at the subjective cognitive decline 
(SCD), mild cognitive impairment (MCI), and probable Alzheimer’s disease (PRAD) stages of the Alzheimer’s disease (AD) continuum. 
Materials and Methods: Twenty-three individuals with the diagnosis of SCD, 33 individuals with the diagnosis of MCI, and 17 individuals with the diagnosis 
of PRAD were included. A cognitive testing battery including the standardized mini-mental state examination (MMSE), digit span forward and backwards tests, 
and the semantic fluency test were administered to all patients. The cognitive function instrument (CFI) was used for the subjective assessment of cognitive decline. 
The same questions in the CFI were answered both by the patients (CFI-self report) and the study partners (CFI-partner report). 
Results: In the SCD and the MCI groups, the CFI-self report scores were higher than the CFI-partner report scores, whereas an opposite pattern was found in the 
PRAD group with higher CFI-partner report scores and lower CFI-self report scores. The CFI self report scores positively correlated with the MMSE scores in the 
PRAD group showing higher ratings in cognitively less impaired individuals, and vice versa. The CFI partner-report scores did not show a significant correlation 
with the MMSE scores in any of the groups, however a trend for a negative correlation was observed in the MCI group. Finally, the CFI-self report and partner 
report scores significantly correlated only in the MCI group. 
Conclusion: Report-based assessment of cognitive decline can be informative, particularly in the early stages of the AD continuum. However, the loss of insight 
in PRAD may mask the symptoms when the subjective cognitive assessment relies on the patients’ perspective. The greatest concordance between the patients’ 
and their partners’ perspectives was evident in the MCI stage which represented a transitional period between SCD and PRAD.
Keywords: Cognitive function instrument, Turkish, subjective cognitive decline, mild cognitive impairment, Alzheimer’s disease

Amaç: Alzheimer hastalığının (AH) subjektif bilişsel gerileme (SBG), hafif bilişsel bozukluk (HBB) ve olası Alzheimer hastalığı (OAH) demansı evrelerinde 
hastaların ve eşlerinin/bakım verenlerin bilişsel bozulma ile ilgili perspektiflerinin nasıl değiştiğinin incelenmesi amaçlanmıştır. 
Gereç ve Yöntem: Yirmi üç SBG, 33 HBB ve 17 OAH tanılı hasta çalışmaya dahil edildi. Katılımcılara standardize minimental test (SMMT), sayı menzili testi 
ve semantik akıcılık testleri uygulandı. Kognitif fonksiyon enstrümanı (KFE) bilişsel bozukluğun subjektif değerlendirmesi için kullanıldı. Aynı sorular hastalar 
tarafından katılımcı bildirimi (KFE-KB), çalışma partnerleri tarafından ise çalışma partneri bildirimi (KFE-ÇPB) kullanılarak yanıtlandı. 
Bulgular: SBG ve HBB gruplarında KFE-KB skorlarının KFE-ÇPB skorlarına göre daha yüksek olduğu görüldü. OAH grubunda ise tam tersi bir durum 
gözlendi ve KFE-ÇPB skorlarının KFE-KB skorlarına göre daha yüksek olduğu görüldü. Ayrıca OAH grubunda SMMT skorları ile KFE-KB skorları arasında 
pozitif korelasyon saptandı ve bilişsel bozukluğu daha ağır olan hastaların KFE-KB skorlarının daha düşük olduğu, bilişsel bozukluğu daha hafif olan hastaların 
ise KFE-KB skorlarının daha yüksek olduğu görüldü. Grupların hiçbirinde KFE-ÇPB skorları ile SMMT skorları arasında anlamlı korelasyon saptanmadı ancak 
HBB grubunda negatif korelasyon eğilimi görüldü. KFE-KB ve KFE-ÇPB skorları arasında anlamlı korelasyon sadece HBB grubunda gözlendi. 
Sonuç: Bilişsel bozuklukların subjektif değerlendirmesi özellikle AH’nin erken evrelerinde bilgilendirici olabilir. Ancak, OAH olgularında içgörü kaybı gelişmesi 
nedeniyle hastaların perspektifine dayanan subjektif bilişsel değerlendirme yanıltıcı olabilir. Hastaların ve eşlerinin perspektifleri arasında en yüksek uyumluluk 
SBG ve OAH arasında bir geçiş dönemini temsil eden HBB evresinde saptanmıştır. 
Anahtar Kelimeler: Kognitif fonksiyon enstrümanı, Türkçe, subjektif bilişsel gerileme, hafif bilişsel bozukluk, Alzheimer hastalığı
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Introduction
Cognitive impairment associated with Alzheimer’s disease 

neuropathological change (ADNC) presents as a continuum (1) 
ranging from an asymptomatic preclinical stage (2,3) to a severe, 
disabling cognitive decline as in the case of probable Alzheimer’s 
disease (PRAD) dementia (4). Although PRAD develops slowly 
and insidiously, some clinical phenotypes have been defined to 
characterize the evolution of symptomatology at different stages 
of the disease. It has been proposed that the first symptoms of 
Alzheimer’s disease (AD) may not be visible to a casual observer, 
instead these symptoms can be reported based on the “subjective” 
experience of the patients and/or observation of close partners, 
family members, or friends. This stage is also known as subjective 
cognitive decline (SCD) (5). Moreover, such a subjective complaint 
may not be detected using traditional clinical assessment tools 
such as pencil and paper tests (6,7). 

As the disease progresses, the cognitive decline becomes 
detectable through examination in individuals with ADNC even 
though the activities of daily living (ADLs) are relatively spared 
(8). This stage between the SCD and the PRAD is known as the 
mild cognitive impairment (MCI) stage (9). Epidemiological 
studies revealed that the prevalence of MCI ranged from 2.4% to 
74.2% which tended to increase with age (10,11,12). On the other 
hand, annual conversion rates from MCI to PRAD dementia may 
range from 9.6% to 91.2% being lowest in the age groups of 65-70 
years and ≥85 years (13). Since MCI may affect a large population, 
early diagnosis is vital for slowing down cognitive decline. 

Finally, neurodegeneration progresses to a stage where the 
cognitive decline interferes with the ADLs including work, travel, 
shopping, household care and even personal care. At this stage, 
which is also known as PRAD dementia, patients may have a 
loss of insight while the caregivers experience significant distress 
associated with the impact of the disease (4,14,15). 

Due to the subjectivity of the symptoms reported by the 
patients and their partners, particularly in the early stages of 
cognitive decline, cognitive function instrument (CFI) has been 
developed as a standardized measure to understand how patients 
define their symptoms and to characterize the magnitude of 
the cognitive decline based on their partners’ observation. CFI 
provides a subjective description of the status of cognitive 
abilities including memory, orientation, language, calculation, 
and functioning in the ADLs such as household care, shopping, 
traveling, employment, and recreational activities (16). This 
instrument is particularly beneficial in patients in whom objective 
measures of cognitive decline are not evident in the cognitive 
exams. So-called “subjective” decline reported in those patients 
has a predictive value for the prognosis as SCD may be a precedent 
clinical phenotype of AD dementia (5). It has been shown that the 
CFI instrument is valid in predicting whether a group of older 
adults will develop cognitive decline or preserve a stable cognition 
over 4 years (16). Several studies have confirmed the validity, 
reliability, and robustness of the CFI when translated to other 
languages and populations, such as Italian and Norwegian, and 
have demonstrated the usefulness of the CFI to screen for the early 
subjective cognitive changes over time (17,18).

In this study, we aimed to understand how the patients’ 
and their partners’ perspectives on cognitive decline changed 
at the SCD, MCI, and PRAD stages of the AD continuum. We 

hypothesized that the CFI-self report would be more reliable in the 
early stages compared to the later stages of AD. We also wanted to 
reveal how CFI-self report interacted with the CFI-partner report 
to understand the relationship between the two perspectives in 
AD-associated cognitive decline; patients’ perspective, and their 
partners’ perspective, respectively.

Materials and Methods

Participants
Twenty-three individuals with the diagnosis of SCD, 33 

individuals with the diagnosis of MCI, and 17 individuals with 
the diagnosis of PRAD were included. Diagnosis of SCD was 
made if “self-experienced persistent decline in cognitive capacity 
in comparison with a previously normal status was evident and 
standardized cognitive tests showed normal age-gender-education 
adjusted performance” (5). Diagnosis of MCI was made if “concern 
about a change in cognition, in comparison with the person’s 
previous level, was obtained directly from the patient and/or from 
a relative or friend (i.e. spouse, children, etc), lower performance 
in one or more cognitive domains that was more than would be 
expected for the patient’s age and educational background was 
evident, and functionality in ADLs was relatively preserved” 
(19). Diagnosis of PRAD was made if “the cognitive impairment 
involved a minimum of two domains (i.e. memory and attention), 
represented a decline from previous levels of functioning, and 
interfered with the ability to function at work or usual activities” (4).

All participants in the SCD and MCI groups and 5 out of 17 
participants in the PRAD group were recruited prospectively. 
Additional 12 participants with the diagnosis of PRAD were 
included retrospectively from the patient database. The study was 
approved by the Istanbul University Ethics Committee and was 
performed according to the ethical guidelines of the Declaration 
of Helsinki and its later amendments (decision no: 18, date: 
26.10.2018). All prospectively involved participants provided 
informed written consent before enrolling in the study. All groups 
were matched for age [F(2.72)=1.76, p=0.18]. However, groups 
differed from each other in years of education [F(2.72)=4.54, 
p=0.014]. Please see Table 1 for the details of the demographics.

Neurocognitive Assessment
All participants were administered the Turkish version of 

the standardized mini-mental state examination (MMSE) to test 
global cognition (20). Digit span forward and backwards tests 
were performed to test attention (21). Additionally, the semantic 
fluency test was performed in which participants were asked to 
name animals from memory as many as they could in 60 seconds 
(22). Please see Table 1 for the details of the cognitive tests.

Cognitive Function Instrument
The original version of the CFI introduced by Amariglio et 

al. (16), was translated to Turkish by an experienced behavioral 
neurologist for Turkish adaptation. The CFI included two 
versions. One version of the CFI was completed by the patients 
to obtain information for the patients’ perspective (CFI-self 
report). The other version included the same questions and was 
completed by the partners of the patients to obtain information 
about the patients’ cognitive decline from the partners’/caregivers’ 
perspective (CFI-partner report). Participants and their partners 
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completed the CFI independently. Each response was coded as 
“Yes”, “No”, or “Maybe”, and the responses were scored as 1, 0, 
or 0.5, respectively. Afterwards, the scores were summed together 
to obtain a total score for CFI-self report and CFI-partner report, 
separately. 

Statistical Analysis

The main effect for the group (SCD, MCI, and PRAD) and 
report type (CFI-self and CFI-partner) were calculated using a 3×2 
repeated measures mixed-model ANOVA. Follow-up 2x2 ANOVAs 
were then conducted to determine which pairs of groups differed 
from each other (SCD/MCI, SCD/PRAD, and MCI/PRAD). Paired 
samples t-tests were performed to reveal within-group differences 
in the scores of the CFI-self report and CFI-partner report. Finally, 
CFI-self report and CFI-partner report were subjected to One-Way 
ANOVA which was followed up by post hoc group comparisons 
when significant. Age and years of education were added as 
covariates in all of the between-group analyses.

Results
A significant interaction was found between group and report 

type [F(2.68)=26.5, p<0.001]. Follow-up 2x2 ANOVA showed that 
the magnitude of cognitive impairment reported by the patients 
(CFI-self report) and the study partners (CFI-partner report) did 
not differ between the SCD and the MCI groups [F(1.52)=0.03, 
p=0.85]. On the other hand, the PRAD group significantly 
differed from both the SCD [F(1.36)=31.13, p<0.001] and MCI 
groups [F(1.46)=40.5, p<0.001]. 

Moreover, reversal of the perspectives on cognitive impairment 
was evident in paired sample t-test. While the magnitude of 
cognitive impairment reported by the patients via self-assessment 
(CFI-self report) was greater than the impairment reported by 
the study-partners (CFI-partner report) in the SCD [t(22)=2.43, 
p=0.024] and the MCI [t(32)=2.15, p=0.039] groups, the 
cognitive impairment reported by the study-partners (CFI-partner 

report) was greater than the impairment reported by the patients 
(CFI-self report) in the PRAD group [t(16)=-5.3, p<0.001]. 

Although the SCD group had the lowest scores and the MCI 
group had the highest scores on average in CFI-self report, the 
group differences did not reach significance [F(2.68)=2.8, p=0.064]. 
A One-Way ANOVA revealed significant group differences in 
CFI-partner report [F(2.68)=48.2, p<0.001]. Post-hoc comparisons 
showed that the magnitude of impairment reported by the study 
partners in the PRAD group was greater than the MCI (p<0.001) 
and the SCD groups (p<0.001). However, the reports of the study 
partners in the SCD and the MCI groups did not significantly 
differ from each other (p=0.06) despite the tendency for greater 
impairment reported in the MCI group (please see Figure 1).

A correlation analysis conducted between the scores of the CFI-
self report and the MMSE scores was significant within the PRAD 
group (r=0.62, p=0.008) (Figure 2). On the other hand, CFI-self 
report showed no significant correlation with the MMSE scores in 

Table 1. Details of the demographics and the cognitive 
tests 
                    Diagnosis

 
SCD
(n=23)

MCI
(n=33)

PRAD
(n=17)

Demographics
Age 64±7.6 66.7±9.2 69.2±9.7

Education 13.3±5.2 9.4±4.7a 10.5±4.3

Male/female 9/14 10/23 4/13
Cognitive tests

MMSE 28.6±1.5 27.3±2.6 20.5±4.9a, b

DS-forward 5.8±1.1 5.2±0.9 4.3±1.2a, b

DS-backwards 4.7±0.9 3.6±0.8a 2.9±1.1a

Verbal fluency 18.8±4.6 13.9±5.2a 13.2±6a

a: p<0.5 versus SCD, b: p<0.5 versus MCI. SCD: Subjective cognitive decline, 
MCI: Mild cognitive impairment, PRAD: Probable Alzheimer’s disease, MMSE: 
Mini-mental state examination

Figure 1. Self-perspective (self report) versus study partners’ perspective 
(partner report) assessed by cognitive function instrument (CFI) in patients 
with subjective cognitive decline (SCD), mild cognitive impairment 
(MCI), and probable Alzheimer’s disease (PRAD)

Figure 2. Correlation between global cognition (MMSE) and the CFI-
self report in three patient groups
SCD: Subjective cognitive decline, MCI: Mild cognitive impairment, 
PRAD: Probable Alzheimer’s disease, MMSE: Mini-mental state 
examination, CFI: Cognitive function instrument
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the SCD (r=-0.18, p=0.4) and the MCI groups (r=0.17, p=0.34). 
Since the within-group variance of the MMSE scores was very low 
in the SCD and the MCI groups, a significant correlation might 
not appear despite the variance in the CFI – Self Report scores in 
the SCD and MCI groups (please see Figure 2). 

The second correlation analysis was performed between the 
CFI-partner report and the MMSE scores and no significant 
correlation was found in any of the groups including the SCD 
(r=0.12, p=0.58), the MCI (r=-0.22, p=0.22), and the PRAD 
groups (r=-0.11, p=0.66). However, there was a tendency for a 
mild negative correlation in the MCI group (please see Figure 3). 

The third correlation analysis was performed between the 
scores obtained from the self report and the partner report of the 
CFI to understand whether the patients’ perspective correlated 
with the caregivers’ perspective on the global cognitive decline at 
different stages of the AD continuum. No significant correlation 
between the patients’ perspective and the caregivers’ perspective 
was detected in the SCD (r=0.08, p=0.68) and the PRAD groups 
(r=-0.04, p=0.88) whereas, a significant correlation was found in 
the MCI group (r=0.41, p=0.019) (please see Figure 4).

Discussion
In this study, we investigated the similarities and the 

differences in the perspectives of the patients and their study 
partners on the cognitive decline associated with different stages 
of the AD continuum (SCD, MCI, and PRAD). We also wanted 
to understand how different perspectives correlated with global 
cognitive impairment (MMSE). The CFI was used as a measure for 
subjective assessment of cognitive decline. Our findings indicated 
that the patients in the SCD and the MCI groups reported a greater 
cognitive decline (CFI-self report) compared to the study partners’ 
assessments (CFI-partner report). On the other hand, an opposite 
pattern was evident in the PRAD group with greater CFI-partner 
report scores compared to the CFI-self report scores. 

It was striking that, although the MCI group had the highest 
scores on average, the CFI-self report scores did not significantly 
differ between groups. Moreover, CFI-partner report scores were 
significantly higher in the PRAD group compared to the SCD 
and the MCI groups. However, the comparison of the CFI-partner 
report scores in the SCD and the MCI groups did not reach 
statistical significance. The results of the correlation analysis 
revealed that patients in the PRAD group with higher MMSE 
scores tended to give higher ratings during self-assessment for 
their cognitive impairment and patients with lower MMSE scores 
tended to give lower ratings. This may be associated with the level 
of insight into the global cognitive decline in the PRAD group. 
CFI-partner report scores only showed a mild but not significant 
negative correlation with the MMSE scores in the MCI group. 
Finally, a significant correlation between the CFI-self report and 
the CFI-partner report scores was evident only in the MCI group. 

Our results strongly suggest that the cognitive decline may 
not be clearly visible to an observer during the SCD stage of the 
AD continuum. On the other hand, the cognitive decline can 
be ignored and/or underestimated by the patients with PRAD 
although it is highly frustrating for their caregivers/partners. 
Therefore, a dissociation between the perspectives of the patients 
and their study partners on cognitive decline was observed in the 
PRAD group. Whereas, the perspective of the patients on the 
cognitive decline were concordant with the perspectives of their 
partners in the MCI stage. 

As a novel and practical tool for the assessment of cognitive 
decline based on patient and partner interviews, the CFI has been 
fundamentally used in individuals with SCD (16,23). However, 
our findings indicate the usefulness of the CFI in MCI and PRAD, 
as well. It was striking that the CFI-self report scores were strong 
indicators of global cognitive decline in the MCI group. Although 
the group differences did not reach statistical significance, CFI-
self report scores were the highest in the MCI group on average 
compared to the SCD and the PRAD groups. Within the AD 
continuum, the MCI stage represents a transitional state between 
the subtlety of early clinical symptoms at the SCD stage and the 
markedness of the advanced symptoms at the PRAD stage (9,19). 
Thus, understanding both patients’ and their partners’ perspectives 
may be extremely useful during the cognitive assessment, 
particularly in the MCI stage. 

In a recent study, the CFI-self report was found to be more 
accurate in predicting future cognitive decline compared to the 
CFI-partner report in cognitively normal individuals, as well as 
in individuals with possible MCI (24). There is growing evidence 

Figure 3. Correlation between global cognition (MMSE) and the CFI 
partner report in three patient groups
SCD: Subjective cognitive decline, MCI: Mild cognitive impairment, 
PRAD: Probable Alzheimer’s disease, CFI: Cognitive function instrument, 
MMSE: Mini-mental state examination

Figure 4. Correlation between the CFI-self report and CFI-partner report 
in three patient groups
SCD: Subjective cognitive decline, MCI: Mild cognitive impairment, 
PRAD: Probable Alzheimer’s disease, CFI: Cognitive function instrument
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indicating the significance of patient-reported outcome measures 
for predicting the disease course in the AD continuum (25). Based 
on the most recent studies and our findings, we also recommend 
the use of assessment tools that include both patient and partner 
reports such as the CFI. Particularly in individuals with very subtle 
or no objective deficits of cognitive impairment, a subjective 
report may provide clues for transitional cognitive decline that can 
be defined as “decline in the previous level of cognitive function”. 
Such a transitional decline may represent “a change from the 
individual baseline within the past 1-3 years” (1). Although the 
early studies used the term “impairment” for subjective cognitive 
complaints, the term “decline” was preferred by other researchers 
as it reflected the “temporal course of subjective cognitive change” 
that might be associated with the “progressive nature of cognitive 
deterioration” in AD (5).

A change from the individual baseline can be objectively 
documented in individuals that are enrolled in longitudinal studies. 
However, in the absence of objective clinical assessments on the 
individual baseline of a patient, self report may be informative, 
as well. In previous studies, partner reports were also found to 
be useful in reflecting the cognitive performance, particularly 
in patients with advanced symptoms of AD and accompanying 
anosognosia (16,24). During a 48-month follow-up of cognitively 
normal individuals, the self-report showed stronger correlations 
with the cognitive performance at the baseline and at 24 months, 
while the partner report showed stronger correlations at 36 and 
48 months. Although the partner reports in our study did not 
show significant correlations with the cognitive performance, the 
MCI and the AD groups showed numerically greater correlations 
compared to the SCD group. 

In summary, the findings of our study indicate the usefulness 
of the CFI in the assessment of individuals in the AD continuum. 
However, our study had a relatively small sample size, 
particularly in the PRAD group and the CFI questionnaire has 
relatively limited coverage for AD-associated symptomatology. 
Involvement of larger cognitive testing batteries in larger cohorts 
and improvement of the subjective cognitive assessment tools 
would help obtain more comprehensive information about the 
effectiveness of subjective reports on global as well as specific 
cognitive impairment including memory, attention, language, 
executive functions, visuospatial functions, and behavior. 

Conclusion
The CFI is an effective tool for the subjective assessment of 

cognitive decline. At the early stages of the AD continuum (the 
SCD and the MCI stages), self report scores may overweigh the 
partner report scores as the symptoms can be subjective or very 
subtle to be noticed by an observer. On the other hand, there is 
a reversal of perspectives at the PRAD stage where the partners 
report a greater decline. The loss of insight may also be misleading 
while interpreting the CFI-self report at the PRAD stage. Finally, 
the CFI was more informative in the MCI group compared to the 
SCD and the PRAD groups. 
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Objective: Ultrasound (US) is an imaging procedure with various applications, such as checking the fetus during pregnancy. To the best of our knowledge no 
study have investigated the simultaneous effect of diagnostic US waves and ethanol exposure on intracellular calcium ([Ca2+]i) processes and reactive oxygen species 
(ROS). Thus, in the current study, we first aimed to investigate the impacts of diagnostic US during fetal life on [Ca2+]i and ROS in rats’ hippocampal cells; then 
whether the diagnostic US has intensified ethanol effects on these two variables.
Materials and Methods: After mating, adult female Wistar rats were divided into six groups as follows: Control group, ethanol group (5 g/kg), groups that 
were exposed to diagnostic US at frequencies of 3 and 5 MHz for 10 minutes on the 11-13 days of pregnancy, and groups that underwent US waves accompanied 
with ethanol on the same term of pregnancy. Fourteen days after delivery, the offspring were anesthetized, the hippocampus was isolated, and [Ca2+]i was measured 
using the Flou 3-AM and fluorimetry instrument after cell culture.
Results: The results showed that the diagnostic US with 3 and 5 MHz frequencies significantly increased [Ca2+]i levels up to 17.8% and 21.8 %, as well as 
ROS levels by 81.18% and 128.51% compared to the control group. In addition, [Ca2+]i levels in the groups with simultaneous exposure to ethanol and US 
with frequencies 3 and 5 MHz were 19.19% and 23.33% higher than the ethanol group. Besides, the amount of ROS in the groups with simultaneous exposure 
to ethanol and US with frequencies 3 and 5 MHz were 77.5% and 172.5% higher than the ethanol group, respectively. However, ethanol alone did not alter 
intracellular [Ca2+]i and ROS levels.
Conclusion: It is concluded that diagnostic US with 3 and 5 MHz frequencies increase the [Ca2+]i and ROS rate, and it also intensifies the effects of ethanol on 
the [Ca2+]i and ROS levels.
Keywords: Hippocampus, intracellular calcium, ultrasound, rat, ROS

Amaç: Ultrason (US), gebelikte fetüsün kontrol edilmesi gibi çeşitli uygulamalarda kullanılan bir görüntüleme işlemidir. Bildiğimiz kadarıyla hiçbir çalışma 
tanısal US dalgalarının ve etanol maruziyetinin hücre içi kalsiyum ([Ca2+]i) süreçleri ve reaktif oksijen türleri (ROS) üzerindeki eşzamanlı etkisini araştırmamıştır. 
Bu nedenle, bu çalışmada öncelikle fetal yaşam sırasında tanısal US’nin sıçanların hipokampal hücrelerindeki [Ca2+]i ve ROS üzerindeki etkilerini; daha sonra da 
tanısal US’nin bu iki değişken üzerinde etanolün etkilerini artırıp artırmadığını araştırmayı amaçladık.
Gereç ve Yöntem: Erişkin dişi Wistar sıçanlar, çiftleşme sonrası; kontrol grubu, etanol grubu (5 g/kg), 11-13. gebelik günlerinde 10 dakika boyunca 3 ve 
5 MHz frekanslarında tanısal US uygulanan gruplar ve aynı gebelik döneminde etanol eşliğinde US dalgaları uygulanan gruplar olmak üzere 6 gruba ayrıldı. 
Doğumdan 14 gün sonra yavrulara anestezi uygulandı, hipokampus izole edildi ve hücre kültüründen sonra Flou 3-AM ve florimetri cihazı kullanılarak [Ca2+]i 
ölçüldü.
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Introduction
Ultrasound (US) waves are used in diagnostic and therapeutic 

modalities, with various intensity and frequency ranges (1). 
Evidence has shown extensive destructive effects on the fetus 
following frequent exposure to US waves (2), such as speech 
delay (3), growth restriction (4), body weight, white blood cell 
count, muscle tone (5), and cellular excitability (1). Negative 
impacts of short-term US exposure have been shown on mouse 
blastocysts after being transferred to surrogate mothers, including 
reduced implantation, increased resorption and stillbirth rates (6). 
Furthermore, significant decrease in locomotor activity as well as 
latency in learning capacity and memory were reported in mice 
exposed to US waves with the frequency of 3.5 MHz and intensity 
of 65 mW/cm2 (7,8). 

The current study investigates whether ethanol and US waves 
affect calcium ([Ca2+]i) and reactive oxygen species (ROS) rates 
in the hippocampus. It has been well-established that ethanol 
can be harmful either by its toxic influence and/or involving its 
metabolites and ROS generation (9). Bailey and Cunningham 
(10) found that 1 mmol/l ethanol raised ROS generation up to 
53%, and 10 mmol/l ethanol prompted ROS generation by 200%. 
Ethanol consumption has been demonstrated to evoke ROS 
generation through the induction of the cytochrome P-450 2E1 
isozyme6-9 and uncoupling between P-450 2E1 and NADPH 
cytochrome c reductase (10). We administrated the highest 
applicable amount of ethanol, 5 mg/kg, to observe its effects on 
generated ROS of offspring hippocampi. On the other hand, we 
previously showed that US waves promoted granular cell migration 
in the cerebellum (11), as well as the excitability of neural cell 
(1); and one of our suggestions was that these waves had effect on 
[Ca2+]i concentration. US has also increased the permeability of 
the Chinese hamster ovary (12) and chick embryo 3T3 fibroblast 
cells to [Ca2+]i (13). In in vitro conditions, US-induced apoptosis 
is caused by a boost in [Ca2+]i and ROS in myelomonocytic 
lymphoma U937 cells (14). The biological effects of diagnostic 
US have been examined on the embryo 6-8 weeks before abortion. 
Four lysosomal enzyme studies found various degrees of change 
in malondialdehyde level and superoxide dismutase activity 
(15). There are still many controversies concerning the relation 
between ethanol and [Ca2+]i. It has been demonstrated that acute 
exposure to ethanol reduces cytoplasmic [Ca2+]i concentration 
caused by [Ca2+]i channel inhibition and [Ca2+]i pump activation. 
In contrast, chronic exposure to ethanol boosts the intracellular 
[Ca2+]i concentration in cells due to activation of passive [Ca2+]
i transport systems and inhibition of energy-dependent [Ca2+]i 
transport systems (16). 

Considering the fact that US waves promote neural cell 
migration (11) and cellular excitability (1), two probable 

associative mechanisms are the increase in intracellular [Ca2+]i 
and ROS. Hence, our study firstly investigated the effects of two 
different frequencies, 3 and 5 MHz with the intensity of 65 mW/
cm2 on [Ca2+]i in hippocampus cells during the embryonic course 
and its relation to ROS production; secondly we examined whether 
ethanol had synergistic effect in regulating these two factors.

Materials and Methods

Animals and Experimental Design 
Thirty-six adult female Wistar rats of 200-250 g were 

brought from the animal lab of the Pasteur Institute, Karaj, Iran. 
All experimental procedures were approved by the Institutional 
Animal Care and Use Committee of the Medical University of 
Ilam (EC/93/A/115, date: 16.07.2014) and kept in accordance 
with the Ilam University of Medical Sciences Guidelines. For 
accommodation and sustainability, the animals were kept for a 
week in laboratory conditions, 12 hours of darkness and 12 hours 
of light, and a temperature of 22±2 °C. After mating, the pregnant 
female rats were randomly divided into six groups (n=6) as follows: 
Control group (Con), the group in which ethanol (5 g/kg) was 
injected intraperitoneally on the eleventh day of pregnancy (Etoh), 
3 MHz US group, 5 MHz US group, 3 MHz US+ Etoh group, and 5 
MHz US+ Etoh group. Fourteen days after delivery, the offsprings 
were anesthetized using xylazine (10 mg/kg) and ketamine 
hydrochloride (100 mg/kg) intraperitoneally, hippocampi were 
cultured, and [Ca2+]i and ROS levels were measured. 

Ultrasound Waves Application and Ethanol Injections
In the groups with the simultaneous US exposure and ethanol 

injection, ethanol (5 g/kg) was injected intraperitoneally, and US 
waves with the frequencies of 3 MHz or 5MHz and intensity of 65 
mW/cm2 were applied in the 11th to 13th days of pregnancy (Logiq 
200 PRO Series, General Electric’s, Solingen, Germany).

Primary Cell Culture
With slight modifications in Fischer’s method (1982), 

primary cultures of hippocampi neurons were acquired from 
14-day-old animals (17). The animals’ hippocampi were harvested 
and digested with [Ca2+]i /magnesium-free Hank’s balanced 
salt solution containing 0.25% trypsin for 20 minutes at 20 to 
25 °C. Through repeated trituration, hippocampus tissues were 
dissociated, and the cells were seeded at 1×106 cells/cm on poly-
l-lysine (10 μg/ml)-coated plates (Gibco). Hippocampus cells 
were grown in Dulbecco’s modified Eagle medium (DMEM) 
(Gibco) supplemented with 10% fetal bovine serum (Gibco), 100 
IU/ml penicillin and 100 mg/ml streptomycin in a humidified 
incubator with 5% CO2 at 37 °C until desired cell density was 
provided. Hippocampus cells were used between the second and 
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Bulgular: Bu çalışmada 3 ve 5 MHz frekanslı tanısal US’nin kontrol grubuna göre [Ca2+]i düzeylerini %17,8 ve %21,8; ROS düzeylerini ise %81,18 ve %128,51 
oranlarında artırdığını gösterdi. Ayrıca 3 ve 5 MHz frekanslı etanol ve US’ye aynı anda maruz kalan gruplarda [Ca2+]i seviyeleri etanol grubuna göre %19,19 ve 
%23,33 oranlarında daha yüksekti. Ayrıca 3 ve 5 MHz frekanslı etanol ve US’ye aynı anda maruz kalan gruplarda ROS miktarı etanol grubuna göre sırasıyla %77,5 
ve %172,5 oranlarında daha yüksekti. Ancak etanol tek başına hücre içi [Ca2+]i ve ROS seviyelerini değiştirmedi.
Sonuç: 3 ve 5 MHz frekanslı tanısal US’nin [Ca2+]i ve ROS seviyelerini artırdığı ve etanolün [Ca2+]i ve ROS seviyeleri üzerindeki etkilerini de şiddetlendirdiği 
sonucuna varıldı.
Anahtar Kelimeler: Hipokampus, hücre içi kalsiyum, ultrason, sıçan, ROS



Turk J Neurol 2022;28:254-259

256

fifth passages. Cell viability was determined via conventional light 
microscopy utilizing trypan blue staining. The growth medium 
consisted of DMEM supplemented with 10% inactivated fetal calf 
serum, 5.5 mm glucose, and 0.5% (v/v) penicillin/streptomycin. 

Intracellular ROS Measurement
Estimating intracellular ROS levels in hippocampal cells 

were made utilizing 2′,7′-dichlorodihydrofluorescein diacetate 
(H2DCFDA-sigma) (18), Stock solution (1 mM) was given in 
DMSO, then diluted to 10 μM. The cells were washed twice and 
later hatched with the H2DCFDA solution for 30 minutes in 
the dark (37 °C incubators in a 5% CO2). DCF Fluorescence was 
then determined at 485 nm excitation and 528 nm emission wave 
lengths utilizing a microplate reader fluorimetry (FLx800, Bio-
Tek, USA).

[Ca2+]i measurement
[Ca2+]i of hippocampal cells was dictated by [Ca2+]i fluorescent 

prob flu3-AM (Sigma-Aldrich) (Aton et al., 2006). Shortly, 
aliquots of 1 ml hippocampal cells suspensions (1×106 cells/ml) 
were washed with buffer A (Phenol red free DMEM containing 
10-mM HEPES (4-(2-hydroxyethyl) piperazine- 1-ethanesulfonic 
acid, pH7.0) and re-suspended in 200 μl of buffer A. Afterwards, 
0.4 μl of Fluo 3-AM (1.0M in DMSO) was added. The cells 
were incubated at room temperature for 30 minutes and washed 
with buffer B (DMEM containing 10 mM HEPES, 5% fetal calf 
serum, and pH 7.4) prior to measure. Flow cytometric analysis of 
hippocampal cells [Ca2+]i was carried out using a FACscan caliber™ 
flow cytometer (Becton-Dickinson, San Jose, CA, USA) (19).

Statistical Analysis
Statistical analysis was conducted by SPSS 23 software, and 

data were expressed as mean ± standard error of mean. One-Way 
ANOVA and Dunnett’s post-hoc test were applied to compare 
[Ca2+]i differences among six groups with a significance level of 
less than 0.01 (p value ≤0.01). 

Results

The Effects of Ethanol and Ultrasound Waves on [Ca2+]i
Diagnostic US caused a significant increase in [Ca2+]i of the 

hippocampus cells. The increase rates were 17.08% and 21.8% due 
to frequencies of 3 and 5 MHz, respectively, compared to the Con 
(p<0.001), illustrating a frequency-dependent manner (Figure 1).

Ethanol alone caused no significant change in [Ca2+]
i of hippocampus cells; however, concurrent use of ethanol in 
combination with US increased such effects. The amounts of [Ca2+]
i in 3 MHz + Etoh and 5 MHz + Etoh groups were 19.19% and 
23.33% higher than Etoh group, respectively (p<0.05) (Figure 1).

Effects of Ultrasound and Ethanol on ROS
The results demonstrated the cumulative effects of US on ROS. 

US with the 3 MHz and 5 MHz frequencies caused 81.18% and 
128.51% increases in the level of ROS, respectively, compared to 
the Con (p<0.001), illustrating a frequency-dependent manner 
(Figure 2).

Ethanol alone caused no significant change in intracellular 
ROS levels; however, concurrent use of ethanol in combination 
with US increased such effects. The amounts of ROS in 3 MHz + 
Etoh and 5 MHz + Etoh groups were 77.5% and 172.5% higher 
than Etoh group, respectively (p<0.05) (Figure 2).

Comparison of changes in [Ca2+]i and ROS Due to Ethanol 
and Ultrasound Effects

The data showed no significant effect of ethanol on [Ca2+]i 
and ROS; however, US with the 3 MHz and 5 MHz frequencies 
caused a significant increase in [Ca2+]i and ROS. It was noted that 
the elevation of ROS was significantly higher than that of [Ca2+]i 
(p<0.001) (Figure 3).

Ranaei et al.; Ultrasound and Ethanol Effects on [Ca2+]i

Figure 1. Comparison of [Ca2+]i among Con, Etoh, 3 MHz, 3 MHz + 
Etoh, 5 MHz, and 5 MHz +Etoh groups (n=6)
***Significant differences between 3 MHz and 5 MHz groups vs. Con 
group, p<0.001, †††Significant differences between 3 MHz + Etoh and 5 
MHz + Etoh groups vs. Etoh group, p<0.001.

Figure 2. Comparison of percent average of reactive oxygen species 
among Con, Etoh, 3 MHz, 3 MHz + Etoh, 5 MHz, and 5 MHz + Etoh 
groups (n=6)
***Significant differences between 3 MHz and 5 MHz groups vs. Con 
group, p<0.001, †††Significant differences between 3 MHz + Etoh and 5 
MHz + Etoh groups vs. Etoh group, p<0.001.

Figure 3. Comparison of [Ca2+]i and reactive oxygen species within 
groups of Con, Etoh, 3 MHz, 3 MHz + Etoh, 5 MHz, and 5 MHz + Etoh 
groups (n=6)
***Significant differences withing each group, p<0.001
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Discussion
The main purpose of current research was to investigate the 

impacts of US waves with two different frequencies, 3 MHz and 5 
MHz and the intensity of 65 mW/cm2 (widely used for diagnostic 
purposes in human) on [Ca2+]i in rats hippocampus neural cells and 
its connection to ROS production during the embryonic course. In 
mice, gestational days from 10 to 16 are vital for development of 
various regions of the body (20), including the brain cells’ rapid 
proliferation and migration to the outer layer of cortex (21). This 
phenomenon justifies the higher sensitiveness of the mice brain 
to US-induced behavioral changes in the early fetal term (22). We 
selected days 11th to 13th of gestation to investigate the effect of 
diagnostic US on hippocampal [Ca2+]i. Other studies have also 
shown the effects of US but in the therapeutic range on [Ca2+]i in 
various cells. Mummery (23) revealed that US with the frequencies 
of 1.5 and 3 MHz and the intensity of 2 W/cm2 induced [Ca2+]
i uptake growth via 3T3 fibroblasts in an in vitro study (13). 
They reported that this wave increased the [Ca2+]i influx without 
damage to the cell membrane. It has also been found that US 
stimulation in primary rodent chondrocytes has increased the 
intracellular augmentation of [Ca2+]i (24). In the current study, an 
elevation in [Ca2+]i depended on the frequency of the emitted US 
waves, as waves with frequencies of 3 and 5 MHz increased [Ca2+]
i respectively by 17.08% and 21.8%.

Recently, Rosenblatt et al. (25) demonstrated that the pulsed-
focused US caused cytosolic [Ca2+]i elevation and ROS formation 
leading to DNA deterioration in tumor cells. In addition, US 
can overcome the blood-brain barrier, an enormous obstacle to 
nanoparticle/drug penetration into the brain, demonstrating 
its affective mechanical role in the brain (26). Investigation on 
the Chinese hamster ovary cells showed that US caused [Ca2+]
i increase in the exposure of albumin-encapsulated Optison 
microbubbles (27). Deng and colleagues reported that US 
increased the transmembrane current of Xenopus oocyte due to 
reduced membrane resistance and pore formation (28). Recently, 
it was shown that focused US with activation of [Ca2+]i-selective 
mechanosensitive ion channel induced the incremental calcification 
by [Ca2+]i- and voltage-gated channels as well as provoking a burst 
firing signals. It is established that inhibition of these ion channels 
causes decreased responses to US, whereas over-expressing them 
drives stronger US stimulation (29).

Increased [Ca2+]i may be due to the generated heat US waves 
on the cell membrane. Tarantal et al. (5) documented that an 
increase of 0.6 °C in temperature resulting from diagnostic US 
exposure in macaques caused an upsurge in the transport of ions 
across the membranes (30). In addition to the probable thermal 
effect of diagnostic US on increasing membrane permeability, the 
elevation in ROS production could also enhance this permeability. 
Increasing the transfer of [Ca2+]i from the cell membrane, 
endoplasmic reticulum, and the mitochondria inside cells can 
be caused by destructive ROS (31). Honda et al. (14) examined 
the effect of continuous 1 MHz US at the intensity of 4.9 W/cm2 
on human myelomonocytic lymphoma U937 cells and reported 
changes of [Ca2+]i ion concentration in individual cells involving 
ROS generated from mitochondria in the regulation of apoptosis 
(14). It is reported that US with the frequency of 1 MHz induces 
a considerable influx of [Ca2+]i over 3 to 4 seconds in Chinese 
hamster ovary cells. Furthermore, as an H2O2 scavenger, catalase 
reduced the [Ca2+]i influx, implying that ROS is also effective in 

membrane permeabilization (12). However, in this study, the total 
[Ca2+]i in mitochondria, endoplasmic reticulum and cytoplasm 
[Ca2+]i, was measured, and the [Ca2+]i accumulation is likely 
because of increased membrane permeability to this ion.

In the present study, ethanol consumption did not cause any 
changes in built-up of [Ca2+]i. The effect of ethanol on altering 
[Ca2+]i disposition has been of great interest to researchers in 
several investigations. Still, several investigations on free [Ca2+]i 
levels have revealed that ethanol causes [Ca2+]i release from internal 
stores in in vitro situations (32). Studies utilizing synaptosomes 
have also reported that acute exposure to ethanol drives to the 
elevation of [Ca2+]i resting levels (33). However, high ethanol 
concentrations were relatively required to produce such effects, 
and chronic ethanol exposure had no impact on synaptosomal 
[Ca2+]i (34). During acute ethanol exposure, the growth in resting 
synaptosomal [Ca2+]i is assumed to be the consequence of the 
[Ca2+]i release from the endoplasmic reticulum in preference to 
the other mechanisms, namely inositol trisphosphate (IP3) (35). 
On the other hand, it has been shown that [Ca2+]i influx through 
the voltage- and NMDA-operated [Ca2+]i channels is susceptible 
to ethanol inhibition in newborn rats’ neural cells (32). Ethanol 
interferes voltage-gated [Ca2+]i channels in several preparations, 
such as identified neurons of Aplysia (36) and rat hippocampus 
slices (37). In the present study, ethanol did not cause changes in 
[Ca2+]i; however, concurrent use of ethanol with US strengthened 
the effect of US on the elevation of [Ca2+]i.

Many extrinsic or intrinsic mechanisms seem to cause a boost 
in intracellular ROS, such as altering the intracellular antioxidant 
level, increasing surrounding oxygen deposition, exposing cells 
to hydrogen peroxide, or expressing specific oncogenes (38). Free 
radicals can be formed due to the X- and gamma rays, ultraviolet 
and microwave radiations, inflammation, alcohol intake, and 
specific drugs (39,40,41,42,43). ROS can impair cell structures, 
nucleic acids, lipids, and proteins at toxic levels (44). The present 
study demonstrated a boost in ROS levels due to diagnostic US in 
a frequency-dependent manner. Such an increase in the frequency 
of 5 MHz was 48% more than that of the 3 MHz frequency. 
In accordance with our study, it has been shown that low-
intensity continuous US for 5 minutes remarkably enhances ROS 
generation in articular cartilage (45). One factor that enhances 
ROS production is the elevation of [Ca2+]i (14,31,46). In a study 
on the human leukemic cells, [Ca2+]i oscillations accompanied by 
radical hydroxyl production have been reported due to US waves 
with the frequency of 1.1 MHz and the intensity of 1 and 2.1 W/
cm2 (47). Evidence suggests that [Ca2+]i accumulation results from 
intracellular store deficit or the influx of extracellular medium 
[Ca2+]i is a sign that foregoes apoptosis (31). [Ca2+]i increases and 
activates [Ca2+]i-dependent enzymes, including phospholipase A2, 
xanthine oxidase, and nitric oxide synthase produce free radicals 
(48,49). In the present study, we showed that increases in [Ca2+]
i and ROS production in a frequency-dependent manner were 
correlated. Taken together with the shreds of evidence showing 
the role of [Ca2+]i in the cell death in both in vitro and in vivo 
conditions, our study suggests that diagnostic US waves cause an 
increase in [Ca2+]i and ROS production, facilitate the hippocampus 
cell death, and consequently compel learning disorders in animals 
(50,51). It is suggested to investigate such effects with frequencies 
and intensities applied in diagnostic techniques on cell apoptosis 
in different brain regions.
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Study Limitations
One limitation of this study was the difficulty in accessing the 

hippocampi of the offspring’s brain. Another was the number of 
female animals. That is to say, a larger number of animals could 
provide more valid data with less standard error. However, it was 
impractical due to the policy of the Institutional Animal Care and 
Use Committee of the Medical University of Ilam. Lastly, each 
rat’s offspring numbers varied, making the data analysis more 
challenging.

Conclusion
Our study demonstrated an increasing effect of diagnostic 

US on [Ca2+]i and ROS in hippocampal cells. We also found that 
ethanol alone could not alter the mentioned parameters; however, 
concurrent use with US could intensify the cumulative effect of 
these waves. 
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Objective: The endo-opioid and endo-cannabinoid systems are important in regulating pain and have been implicated in migraine pathophysiology. Patients with 
frequent attacks, such as patients with chronic migraine (CM), frequently develop medication overuse headache (MOH). Not all patients with chronic headache 
develop MOH, the reason for which is not exactly known. We aimed to assess the involvement of these neurotransmitter systems in episodic and CM and in MOH.
Materials and Methods: Patients with (episodic migraine; n=29), (CM; n=15), MOH (n=16) and 31 healthy controls were recruited and blood levels of 
nociceptin and anandamide (AEA) were compared between groups, as well as their levels with headache parameters.
Results: AEA levels were significantly lower in the combined migraine groups compared to controls (p=0.009), but head to head comparison of the groups 
revealed no significant difference (p=0.062). Median nociceptin levels were found to be very high in CM (235.76 ng/l) group and very low in MOH (30.08 ng/l) 
group, but the difference was not statistically significant. 
Conclusion: Our finding of low AEA levels in migraine supports the hypothesis of a dysfunctional endocannabinoid system in migraine. Although our results 
failed to reveal any differences between episodic and CM, an interpretation of findings reported in the literature suggested that this low endocannabinoid inhitory 
tone might contribute to nociceptive facilitation resulting in maintained central sensitization and therefore sustained pain in CM. Although not significant, 
nociceptin levels were much higher in CM group and the lowest levels were found in MOH group. It is possible that in CM, the opioid system tries to counterbalance 
the endocannabinoid dysfunction and if the opioid levels fail to rise, the patient is driven to an excessive use of analgesics and MOH develops. Although we were 
unable to prove this hypothesis we think it would be worthwhile studying this hypothesis in a larger group of patients.
Keywords: Anandamide, nociceptin, medication overuse headache, migraine, endocannabinoid system

Amaç: Endo-opioid ve endo-kannabinoid sistemler ağrının regülasyonunda önemli rol oynar ve migren fizyopatolojisi ile ilişkilendirilmişlerdir. Kronik migrende 
(KM) olduğu gibi sık atak geçiren hastalarda ilaç aşırı kullanım başağrısı (İAKBA) gelişebilmektedir. Ancak tüm kronik başağrısı olan hastalarda İAKBA 
gelişmemektedir. Bunun nedeni tam olarak bilinmemektedir. Bu çalışmanın amacı bu sistemlerin epizodik ve KM’de ve İAKBA’daki rolünün belirlenmesidir.
Gereç ve Yöntem: (Epizodik migren; n=29), (KM; n=15), İAKBA (n=16) ve 31 sağlıklı kontrol çalışmaya alınarak nosiseptin ve anandamid (AEA) kan 
seviyeleri ölçüldü ve bunların kan seviyeleri gruplar arasında ve başağrısı parametreleri ile karşılaştırıldı.
Bulgular: AEA seviyeleri tüm migren grupları birleştirilerek karşılaştırıldığında kontrol grubundan anlamlı olarak düşüktü (p=0,009) ancak grupların teke tek 
karşılaştırılmasında fark bulunamadı (p=0,062). Anlamlılık olmamakla birlikte median nosiseptin değerleri KM grubunda çok yüksek (235,76 ng/l), İAKBA 
grubunda ise çok düşüktü (30,08 ng/l).
Sonuç: Migrende düşük olarak bulduğumuz AEA seviyeleri migrende endokannabinoid sistem işleyişinin bozulmuş olduğu hipotezini desteklemektedir. Epizodik 
ve KM grupları arasında bir fark bulamamıza rağmen literatürde bildirilen sonuçların yorumlanması bize KM’deki devamlı başağrısının, düşük endokannabinoid 
inhibisyon düzeyinin katkıda bulunduğu nosiseptif fasilitasyona bağlı süregelen santral sensitizasyon sonucunda oluşabileceğini düşündürmüştür. Anlamlılığa 
ulaşmamakla birlikte nosiseptin düzeyleri KM grubunda en yüksekken İAKBA grubunda en düşüktü. KM’de bozulmuş olan endokannabinoid sistemi kompanse 
etmek amacıyla endo-opioid sistemin devreye girmeye çalışması ve endo-opioid seviyelerinin yükselememesi durumunda hastanın aşırı ağrı kesici almaya itilerek 
İAKBA geliştirmesi olasıdır. Bu hipotezi tam olarak doğrulayamamakla birlikte bunun daha geniş çalışmalarda incelenmeye değer olduğunu düşünmekteyiz.
Anahtar Kelimeler: Anandamid, nosiseptin, ilaç aşırı kullanım başağrısı, migren, endokannabinoid sistem
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Introduction
The pathophysiology of migraine is still not fully understood 

despite numerous studies contributing to a better understanding 
of the mechanisms underlying migraine attacks. Patients with 
frequent attacks of migraine, such as patients with chronic 
migraine (CM), frequently develop medication overuse headache 
(MOH) which complicates the clinical picture and is difficult to 
treat (1,2). Not all patients with chronic headache develop MOH, 
the reason for which is not exactly known (1,2).

Various neurotransmitter systems have been implicated in the 
pathophysiology of migraine and also MOH (1,2,3,4). The endo-
opioid system and recently characterized endocannabinoid system 
are among the key players in regulating pain (5,6,7,8,9) and are 
also thought to be involved in migraine (5,6,7,10,11,12,13,14,15).

The endocannabioid system is an important part of the 
endogenous pain control system and consists of the lipid 
mediators anandamide (AEA), 2-arachidoglycerol (2-AG) and 
palmitoylethanolamide (PEA) and the cannabinoid receptors CB1 
and CB2 (7). The endocannabinoid system plays an important role 
in pain and CB1 receptors have been demonstrated in areas known 
to be involved in pain processing and migraine pathogenesis such 
as the periaqueductal grey matter (PAG), rostroventromedial 
medulla, cingulate cortex, frontal cortex, limbic areas and the 
caudal trigeminal nucleus (6,16) and have been shown to directly 
or indirectly modulate the release of neurotransmitters such 
as glutamate and γ-aminobutyric acid, glutamate, dopamine, 
noradrenaline, serotonin, nitric oxide (NO) and acetylcholine, 
most of which play an important role in migraine (17,18,19). 
Recent studies suggest that endocannabinoid deficiency may be 
an important factor underlying migraine pain and may play an 
important role in the chronification of migraine and development 
of MOH (20,21,22,23,24). The fact that the endocannabiod 
system has been involved in the neurobiology of drug addiction 
strengthens its role as a key factor in the pathophysiology of MOH 
(25).

Another system involved in pain and migraine is the opioid 
system (5,9,14). Nociceptin/orphanin FQ (N/OFQ) is a member 
of the opioid system which is structurally similar to dynorphin A 
and has been implicated in cortical spreading depression evoked 
trigeminal nociception and thefore in the pathophysiology of 
primary headaches including migraine (14,15). N/OFQ receptors 
are found not only in the trigeminovascular neurons but also 
in areas involved in pain perception like the cingulate, insular 
cortices, amygdala, hippocampus, hypothalamus, thalamus, dorsal 
raphe nucleus and periaquaeductal gray matter (PAG) (26,27). 
Nociception microinjection into the PAG has been shown to 
facilitate C-fibre evoked responses and block analgesia caused 
by morphine injection (28,29). In in vitro studies, nociceptin has 
been shown to inhibit calcitonine gene related peptide (CGRP) 
release in the trigeminal ganglion pointing to a possible role in 
pain inhibition (30). There are only a few studies of nociceptin in 
migraine and in MOH (31,32).

İn this study we aimed to measure interictal levels of peptides 
representing the endo-opioid system (nociceptin) and the endo-
cannabinoid system (anandamid) in order to asses the involvement 
of these systems in both episodic and CM and in MOH.

Materials and Methods
This study was conducted on patients with episodic and CM 

with and without medication overuse who met the International 
Classification of Headache Disorders-3-Beta criteria, were between 
18-80 years of age and attended the Akdeniz University hospital, 
Department of Neurology from February 2018 to September 2020. 
The study protocol was approved by the Local Ethics Committee of 
Akdeniz University (decision no: 148, date no: 21.02.2018) and all 
patients gave their informed consent prior to the study. Inclusion 
criteria were a monthly attack frequency <6 for episodic migraine 
(EM); a monthly analgesic/anti-migraine drug consumption of 
<10 days for CM and being off of any prophylactic medications for 
at least 2 months for all groups. Exclusion criteria were presence 
of any of the following: Another primary headache disorder, 
any known neurological or systemic disease, pregnancy, regular 
consumption of any drugs, another acute or chronic pain disorder 
and presence of depression as assessed by Becks Depression scale 
(patients with a score >16 were excluded). Patients were classified 
into 3 groups: EM without aura (EM), CM without medication 
overuse (CM), CM with medication overuse (MOH), and a control 
group of age and gender matched healthy individuals.

All patients with headache were told to keep a headache diary 
for one month. Patients categorized the daily intensity of their 
pain as severe (3), medium (2) or mild (1). The data from those 
diaries were used to calculate a “headache score” which consisted of 
the sum of all headache days where days with severe headache were 
multiplied by 3, medium headache by 2 and mild headache by 1. 

Impact of headache on quality of life was determined by the 
The Migraine Disability Assessment (MIDAS) questionnaire (33).

Blood samples were collected in the morning between 08:00-
11:00, after the patients returned the headache diary at least 72 
hours after the end of their last migraine attack. Samples taken 
from the antecubital vein were taken into test tubes containing 6 
ml K-EDTA and aprotinin (0.6 TIU/ml), the plasma was seperated 
by centrifugation at 4000 rpm for 4 minutes and plasma samples 
were aliquoted and stored at -80 ºC until analysis.

Nociceptin levels were analysed by the ELISA method using 
MyBioSource kits (MyBioSource.com. P.O. Box 153308. San 
Diego, California. United States; intra-assay coefficient of variation 
(CV):<8%, inter-assay CV:<10%; sensitivity 0.59 ng/l; linearity 
levels 1.00-400.0 ng/l).

AEA levels were analysed by the ELISA method using 
MyBioSource kits (MyBioSource.com. P.O. Box 153308. San 
Diego, California. United States; intra-assay CV:<10%, inter-assay 
CV:<12%; sensitivity 0.93 ng/l; linearity levels 2.47-200.0 ng/l).

Statistical Analysis
Statistical analysis was performed using IBM SPSS 23.0 

software (IBM Corp., Armonk, NY). Normality assumption was 
tested by Kolmogorov-Smirnov test. Because normality could 
not be achieved, non-parametric tests were used. Mann-Whitney 
U test was used to compare 2 groups and Kruskall-Wallis test 
was used to compare 3 or more groups and Bonferroni-Dunn test 
was used for post-hoc analyses. Correlations between ordinal or 
not normally distributed parameters were analyzed by Spearman’s 
correlation analysis or multiple linear regression analysis. The level 
for significance was set at p<0.05.
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Results
A total of 91 subjects were recruited; 29 in the EM without 

aura (EM) group; 15 in the CM without medication overuse 
group (CM); 16 in the CM with medication overuse group and 
31 controls. Demographics of the groups are presented in Table 
1. There was no difference in terms of age and sex distribution 
between groups.

Median values for monthly headache frequency, headache years, 
headache score and MIDAS score were higher in the CM and MOH 
groups compared to EM, but did not differ between CM and MOH 
groups (Table 1).

Median AEA and nociceptin levels of the groups are presented 
in Table 2. AEA levels were significantly lower in the combined 
migraine groups compared to controls (p=0.009), but head to 
head comparison of the groups revealed no significant difference 
(p=0.062). Median nociceptin levels were found to be very high 
in the CM group (235.76 ng/l) and very low in the MOH group 
(30.08 ng/l), but the difference was not statistically significant. 

Spearman correlation test found no correlation between 
headache parameters and nociceptin levels in any of the groups. 
For AEA levels there only was a negative correlation with monthly 
headache frequency in the CM group (r=-0.559; p=0.03). 

Discussion
We found significantly lower AEA levels in patients with 

migraine and high nociceptin levels in the CM group and 
very low levels of nociceptin in the MOH group, although we 
were unable to demonstrate significance. Circulating levels of 
endocannabinoids have been shown to be altered in several painful 
conditions including migraine (8,10,12,20,22,31,34). AEA has 
been shown to inhibit dural vasodilatation induced by CGRP 
and NO and that this action can be reversed by a CB1 receptor 
antagonist in experimental studies (35). Animal studies showed 

that electrical stimulation of the PAG resulted in release of AEA 
and led to analgesia (8) and that the injection of a CB1 receptor 
agonist into the ventrolateral PAG led to inhibition of nociceptor 
trigerred activation in the trigeminocervical complex (11,36). In 
a rat model, pretreatment with AEA was effective in reducing 
c-fos expression induced by nitroglycerin in the trigeminal caudal 
nucleus (13). 

Platelets of female patients with EM have been shown to 
have increased activity of fatty acid amide hydrolase (FAAH), the 
enzyme that deactivates AEA, and AEA membrane transporter 
(AMT) which is responsible for the cellular uptake of AEA, which 
of both may lead to reduced levels of AEA (12). Gouveia-Figueira et 
al. (10) however could not demonstrate any difference in interictal 
blood AEA and other fatty-acid ethanolamide levels in patients 
with EM compared to controls. On the contrary FAAH and AMT 
activity have been found to be reduced in patients with MOH 
and CM without MOH (24). In accordance with this, Rossi et al. 
(20) reported that AEA and 2-AG levels in platelets were low in 
patients with MOH and CM without MOH compared to controls. 
A central dysfunction of the endocannabinoid system has been 
suggested by the finding of lower levels of AEA in the cerebrospinal 
fluid of patients with CM (22). This was also confirmed in animal 
studies where nitroglycerine induced biochemical alterations in 
the dorsal horn were reversed by AEA, pointing to the role of AEA 
in reversing central sensitization (16). Perrotta et al. (21) showed 
that dysfunction in the endocannabinoid system could lead to 
acute medication overuse and hypothesized that a dysfunctional 
endocannabinoid system would result in the development and 
maintainance of central sensitization leading to the chronification 
of migraine.

Cannabinoid receptor gene and protein expression as well 
as gene expressions of enzymes involved in the synthesis of 
endocannabinoids have been shown to be elevated in patients with 

Table 1. Demographics and headache parameters in the study groups
Controls
(n=31)

EM
(n=29)

CM
(n=15)

MOH
(n=16)

p

Age 32.1±8.1 30.4±8.7 31.1±8.5 37.9±13.0 NS

Gender (female) 24 (77.4%) 24 (82.8%) 11 (73.3%) 14 (87.5%) NS

Monthly headache days (median) NA 4 (1-6)* 15 (10-28)* 17 (10-29)* <0.001*

Headache years (median) NA 6 (2-25)* 10 (3-20)* 15 (4-37)* 0.023*

Headache score (median) NA 9 (2-20)* 34 (24-73)* 44 (27-93)* <0.001*

MIDAS score (median) NA 13.5 (1-47)* 51 (12-87)* 57.5 (9-157)* <0.001*
*CM and MOH compared to EM group.
CM: Chronic migraine, MOH: Medication overuse headache, EM: Episodic migraine, MIDAS: The Migraine Disability Assessment, NS: Not significant

Table 2. Median AEA and N/OFQ levels in the study groups
Controls
(n=31)

EM
(n=29)

CM
(n=15)

MOH
(n=16)

Migraine 
combined (n=60)

p

AEA (ng/l)
15.9
(1.12-192.92)

3.9
(0.89-181.32)

7.64 
(1.13-53.1)

5.18
(0.41-31.9)

5.22
(0.41-181.32)

NS

N/OFQ (ng/ml)
81.82*,†
(2.13-384.69)

83.42†
(7.41-396.87)

235.76†
(7.63-391.4)

30.08†
(6.96-339.11)

50.45*
(6.96-396.87)

0.009*
0.062†

*Migraine combined vs controls, †Controls, EM, CM and MOH compared. NS: Not significant,
CM: Chronic migraine, MOH: Medication overuse headache, EM: Episodic migraine, AEA: Anandamide, N/OFQ: Nociceptin/orphanin FQ
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EM and CM with MOH with a more pronounced expression of 
genes involved in endocannabinoid metabolism in the CM group 
(23). In the same study, FAAH gene expression was found to be 
lower in migraineurs compared to controls with significantly 
lower levels in CM compared to EM (23). These findings explain 
the low activity of FAAH reported in previous studies and suggest 
an effort for compensation, by decreasing AEA degradation, for 
the low endocannabinoid tone in CM.

Our results are in part consistent with previous studies finding 
low interictal plasma levels of AEA in patients with migraine. 
Unfortunately, we were unable to show any difference in head 
to head comparison of the EM, CM and MOH groups with the 
control group and therefore could not verify any role for AEA in 
the chronification of migraine or the development of MOH. 

N/OFQ is a member of the opioid system which has also been 
implicated in the pathophysiology of pain and possibly migraine 
(14,15). 

Nociceptin levels seem not to increase in response to acute 
pain as N/OFQ levels have been reported to be unchanged during 
labour (37). However, in some chronic pain conditions such as in 
fibromyalgia and during the interictal phase of a cluster period, 
N/OFQ levels seem to be reduced (38,39). Ko et al. (9) reported 
that N/OFQ levels were significantly higher in patients with 
pain compared to controls and were much higher in patients with 
chronic pain syndromes compared to patients with acute pain.

There are only a few studies of nociceptin in migraine. In 
an experimental study, a selective nociceptin receptor agonist 
was effective in blocking both allodynia and decreasing light 
sensitivity in nitroglycerin-induced migraine attacks (40). 
Circulating levels of N/OFQ have been shown to be decreased in 
the interictal phase of migraine, further decreasing at the onset 
of an attack (31). Munksgaard et al. (32) reported no difference 
in N/OFQ and CGRP levels in a group of patients with MOH 
before and 6 months after successful detoxification and concluded 
that altered levels of these peptides did not cause an increase in 
headache frequency in MOH. The high dropout numbers in that 
study however still leave room for debate that the post-treatment 
levels may have changed.

Although we found nociceptin levels to be very high in patients 
with CM and very low in patients with MOH, our results failed to 
reach significance. Therefore, we stand on shaky ground reaching 
any firm conclusions about the role of nociceptin in migraine. 

Study Limitations
Several limitations of our study warrant mention. Firstly and 

most importantly, our subject numbers were too small to detect 
a statistical difference, causing our high intersubject variability 
despite great inter-group differences in peptide levels. Secondly, 
we did not determine the levels of other endocannabinoids such 
as 2-AG and PEA due to financial reasons. This would have 
strenghtened our study.

Conclusion
Our finding of low levels of AEA in migraine supports the 

hypothesis of a dyfunctional endocannabinoid system in migraine. 
Although our results failed to reveal any differences between 
episodic and CM, an interpretation of findings reported in the 
literature suggested that this low endocannabinoid inhitory 

tone might contribute to nociceptive facilitation resulting in 
maintained central sensitization and therefore sustained pain in 
CM. Although not statistically significant, our nociceptin levels 
were much higher in the CM group and the lowest levels were 
found in the MOH group. It is possible that in CM the opioid 
system tries to counterbalance the endocannabinoid dysfunction 
and if the opioid levels fail to rise, the patient is driven to an 
excessive use of analgesics and MOH develops. Although we were 
unable to prove this hypothesis we think it would be worthwhile 
studying it in a larger group of patients. 
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Introduction
Acute suppurative otomastoiditis (ASOM) refers to the 

concurrent occurance of suppurative acute otitis media and acute 
mastoiditis, seen mostly in childhood. The most common causative 
agents are Streptococcus pneumoniae and Haemophilus influenzae (1). 
Complications are rare in the recent era with the development of 
wide spectrum antibiotics. However, severe complications may 
develop. This generally occurs in immunocompromised patients 
or patients with some illnesses associated with decreased bone 
vascularity such as diabetes mellitus (DM) (2,3). We present a 
complicated case of ASOM presenting with bilateral peripheral 
facial palsy.

Case Report

A 58-year-old male patient with type 2 DM and severe chronic 
renal failure presented to our emergency department with bilateral 
peripheral facial palsy and otalgia. Head computed tomography 
revealed opacification of mastoid air cells and the tympanic 
cavities, bilaterally. There was resorption of the bony septa at 
the inferomedial parts of the bilateral mastoid bones resulting in 
coalescent mastoiditis. The erosive bone changes were also present 
at the sigmoid plates overlying the jugular bulbs and at the ventral 
part of the clivus, compatible with skull base osteomyelitis (SBO). 
The posterior genu and mastoid segments of the fallopian canals 
were involved in the area of coalescent mastoiditis explaining the 

Akut süpüratif otomastoidit (ASOM), çoğunlukla çocukluk çağında ortaya çıkan süpüratif akut otitis media ve akut mastoiditin birlikte görülmesini ifade eder. 
Son dönemde geniş spektrumlu antibiyotiklerin gelişmesi ile komplikasyonlar nadirdir. Ancak, mukoperiostal tutulum osteomiyelite (OM) ilerlediğinde ciddi 
komplikasyonlar gelişebilir. Bu, genellikle bağışıklığı baskılanmış hastalarda veya diabetes mellitus (DM) gibi kemik vaskülaritesinde azalma ile ilişkili bazı 
hastalıklar olduğunda ortaya çıkar. Bu yazıda, koalesan mastoidit sonucu gelişen, kafa tabanını ve bilateral fallop kanalları etkileyen OM’ye bağlı bilateral periferik 
fasial palsi ile başvuran 58 yaşındaki erkek hastamızı sunuyoruz. ASOM tedavisinde, özellikle DM gibi risk faktörlerinin varlığında, takip görüntüleme mastoid 
kemiğin OM’sini kafa tabanına yayılmadan ve kafa içi yayılım ile komplike hale gelmeden önce ortaya çıkarmak için önemlidir. Radyolojik görüntülemede kemik 
algoritmalı temporal bilgisayarlı tomografi, OM’nin erken kemik rezorpsiyonlarını ortaya çıkarmak için ilk tercih edilen yöntemdir.
Anahtar Kelimeler: Koalesan mastoidit, kranial osteomiyelit, bilateral periferal fasial palsi

Öz

Acute suppurative otomastoiditis (ASOM) refers to the concurrent occurrence of suppurative acute otitis media and acute mastoiditis, occurring mostly in childhood. 
Complications are rare in the recent era with the development of wide spectrum antibiotics. However, when the mucoperiosteal involvement evolves into osteomyelitis 
(OM), severe complications may develop. This generally occurs in immunocompromised patients or patients with some illnesses associated with decreased bone 
vascularity such as diabetes mellitus (DM). We report a 58-year-old male patient presenting with bilateral peripheral facial palsy in whom OM resulting from 
coalescent mastoiditis affected the skull base and the bilateral fallopian canals. In the management of ASOM, especially with the presence of the risk factors such as 
DM, follow up imaging is important to reveal OM of the mastoid bone before it spreads to the skull base and further it is complicated with intracranial extensions. 
On radiological imaging, temporal computed tomography with bone algorithm is the first method of choice to reveal early bony resorptions of OM.
Keywords: Coalescent mastoiditis, cranial osteomyelitis, bilateral peripheral facial palsy
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presentation of the patient with bilateral peripheral facial palsy 
(Figure 1). On magnetic resonance imaging (MRI), fluid signal 
intensities were present within the mastoid ear cells and middle 
ear clefts on T2-weighted images. There were also associated 
inflammatory signal intensities at the right basiocciput and 
the ventral clivus (Figure 2). Due to the severe chronic kidney 
disease, gadolinium enhanced imaging could not be performed, 

however on non-contrast MRI, there were no signs of intracranial 
involvement. 

Discussion 
In the cranial bones, the spread of infection through the 

emissary veins into the periosteum (periostitis) causes the acute 
clinical presentation of otomastoiditis (4). This is the incipient 
stage of the disease limited with mucoperiosteal involvement, 
which may evolve into osteomyelitis (OM) with the infiltration 
and resorption of the involved bones. In the mastoid bone, the 
destruction of the bony septae between the air cells results in 
coalescent mastoiditis, which is actually a radiological diagnosis 
referring essentially to the stage of OM (Figure 1). Presentation 
with peripheral facial palsy due to the involvement of the fallopian 
canal in otogenic infections is rare with estimated incidence of 
about 0.005% (5). In our patient, the mastoid segment and the 
posterior genu of the fallopian canals were involved in the area of 
the coalescent mastoiditis resulting in bilateral facial palsy, which 
was different from the more usual cases of the involvement of 
the tympanic segments due to the suppurative infections within 
the middle ear. Cranial OM also rarely occurs in patients with 
ASOM, usually as a complication of postoperative craniotomy 
(iatrogenic) or due to direct injury to the cranium. It may affect 
either the cranial vault or the skull base. In our patient, the spread 
of the disease from the mastoid bone to the right basiocciput and 
then the ventral clivus resulted in SBO. In the management of 
ASOM, especially with the presence of risk factors such as DM, 
follow up imaging is important to reveal OM of the mastoid bone 
before it spreads to the skull base and is further complicated with 
intracranial extentions.
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Figure 1. Axial (A, B, C, D) and coronal (E, F) temporal computed 
tomography images showing opacifications within the mastoid air cells, 
bilaterally (A, white arrows), and within the right middle ear (A, red 
arrow). Note the destruction of the sigmoid plate overlying the left 
jugular bulb (B, red arrow). Involvement of the ventral clivus (C, red 
arrows) is demonstrated. The resorption of the bony septae between the 
mastoid air cells at the inferomedial mastoid bone is shown (B, D, white 
arrow). The fallopian canals and their involved continuations within the 
area of coalescent mastoiditis (E, F, red arrows) are shown

Figure 2. Non-contrast brain MRI A) axial T2w and B) axial FLAIR 
images showing fluid signal intensities within the mastoid air cells, 
bilaterally (A, red arrows), and within the right middle air cleft (A, 
white arrow). The inflammatory increased signal intensities at the right 
basiocciput (B, white arrow) and at the clival marrow (B, red arrow) are 
shown
MRI: Magnetic resonance imaging, FLAIR: Fluid-attenuated inversion 
recovery
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Introduction 
A diagnosis of leukoencephalopathy as a side effect of 

capecitabine was made in the female patient who was admitted 
to the emergency department with acute severe dysarthria. This 
rare side effect of capecitabine was presented with a review of the 
pertinent literature.

Case Report 
A 61-year-old female who had a history of gastric cancer 

was brought to the emergency room due to a deterioration in 
speech. Neurological examination didn’t reveal any signs other 
than severe dysarthria. The patient was receiving capecitabine. 
Diffusion weighted brain magnetic resonance imaging (MRI) 
showed wide spread symmetrical diffusion restriction bilaterally 
in basal ganglia, anterolateral thalami, periventricular white 
matter areas, centrum semiovales, corpus callosum anterior genu 
and splenium (Figures 1, 2). The patient’s laboratory findings 

were not suggestive of metastasis. Electroencephalography, 
hemogram, routine biochemistry tests including, kidney and 
liver function tests, electrolyte, and vitamin B12 levels were 
within normal limits. The patient’s complaints improved 
within the first 10 hours of hospitalization. A diagnosis of toxic 
multifocal leukoencephalopathy was made based on these clinical 
and radiological findings. Oxiplatin known to cause posterior 
reversible encephalopathy syndrome (PRES) was also used in the 
patient. PRES was ruled out due to current clinical findings in 
the patient. Cardiomyopathy was not detected. In the follow-
up, the patient had a normal neurological examination, and the 
diffusion restricting MRI lesions regressed (Figure 3). Contrast-
enhanced brain MRI was not performed since the initial MRI 
indicated a leukoencephalopathy condition. Our patient was 
using a chemotherapeutic agent which could cause these imaging 
findings. Capecitabine was discontinued and the patient’s cancer 
treatment was revised.

Kapesitabin, esas olarak kolorektal kanser ve meme kanseri tedavisinde kullanılan oral kemoterapötik bir ajandır. Bu olgu sunumunda acil servise kapesitabinin 
yan etkisi olarak inme benzeri semptomlarla başvuran bir hasta bildirilmiştir. Beyin manyetik rezonans görüntülemede tipik ak madde lezyonları saptanmıştır. 
İskemik inme semptomları ile acile gelen hastalarda kliniği taklit edebilecek komorbid durumların da göz önünde bulundurulması tedavi yaklaşımı açısından 
önemlidir.
Anahtar Kelimeler: Geçici iskemik atak, lökoensafalopati, kapesitabin

Öz

Capecitabine is an oral chemotherapeutic agent used primarily in the treatment of colorectal cancer and breast cancer. With this case report, we aimed to report 
a patient admitted to the emergency department with stroke-like symptoms as a side effect of capecitabine. Magnetic resonance imaging showed signal changes 
in the cerebral white matter typical of capecitabine leukoencephalopathy. Since the mechanism of action is not fully understood, clinicians should be aware of this 
rare complication in order to make appropriate therapeutic decisions.
Keywords: Transient ischemic attack, leukoencephalopathy, capecitabine
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Written informed consent was obtained from the patient for 
this case report.

Discussion
The patient who was consulted from the emergency department 

with suspicion of a transient ischemic attack was diagnosed as 
having leukoencephalopathy according to the imaging findings. 

Cancer and stroke have an important role in mortality and 
morbidity and as life expectancy increases, the incidence of both of 
these diseases increase. Physicians should be careful while treating 
both of these chronic diseases in terms of complications that may 
develop. Although the side effects of the drugs used in cancer 
treatment are usually temporary, they may become permanent 
in some patients. However, little is known about the pathogenic 
mechanisms of chemotherapy-related leukoencephalopathy. 
Toxicity secondary to antineoplastic agents has been associated 
with increased permeability of the blood-brain-barrier (BBB). 
Capecitabine’s intermediate metabolite 5-deoxy-5-fluorouridine 
demonstrates the ability to cross the BBB. Moreover, animal 
studies showed that 5-fluorouracil (5FU) causes damage to 
oligodendrocytes, myelin swelling, and macrophage infiltration 
resulting in restricted movement of free water (1). A study 
conducted on rats in 2019 demonstrated that 5-FU treatment 
induced histological alterations in the cerebellum granular layer of 
rats. In addition, the study showed that 5-FU exhibited significant 
cytotoxicity to granule cells in rat cerebellum involving oxidative 
stress and activation of the caspase-3 pathway (2). 

There is a wide spectrum of symptoms in the clinical presentation 
of capecitabine-induced leukoencephalopathy and differential 
diagnosis of chemotherapy-related leukoencephalopathy includes 

Figure 1. Diffusion magnetic resonance imaging shows bilateral, 
wide spread symmetrical diffusion restriction in basal ganglia, thalami, 
periventricular white matter areas, centrum semiovales, corpus callosum 
anterior genu and splenium

Figure 2. Diffusion weighted imaging and apparent diffusion coefficient 
map showed widespread symmetrical acute diffusion restriction

Figure 3. Approximately one week later, radiological findings of 
diffusion weighted magnetic resonance imaging show regression
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a variety of conditions. Brain metastasis that could disrupt BBB 
was excluded in our patient. Other uncommon entities, such 
as paraneoplastic demyelinating disorders that have similar 
neuroimaging features were also excluded as they are not reversible 
and they worsen without treatment (3). Posterior reversible 
encephalopathy syndrome is characterized clinically by headache, 
seizures, and altered mental status and radiologically by diffuse 
hyperintensities in the posterior parietal and occipital white 
matter areas, although the grey matter can also occasionally be 
involved. Although PRES is also reversible, such a diagnosis 
was not probable in this case because of the different clinical 
characteristics and radiological findings (4). 

Early recognition of chemotherapy-related leukoencephalopathy 
is important, given that discontinuation of the drug is generally 
associated with clinical and radiological improvement. However, 
spontaneous recovery has also been reported (5). Capecitabine-
induced leukoencephalopathy may correlate with the presence 
of liver metastases. Among reported patients, more than half of 
the patients had liver metastases without laboratory evidence of 
hepatic dysfunction (6,7). However, no metastasis was detected in 
the imaging tests performed in our patient.

Capecitabine is an oral prodrug of 5-FU and rarely 
causes leukoencephalopathy (8,9). Capecitabine-induced 
leukoencephalopathy is treated by the cessation of capecitabine 
chemotherapy. Excellent recovery upon cessation of capecitabine 
with no or minimal residual deficit has been reported to occur within 
several days in all reported patients. In our patient, improvement 
in MRI findings was observed after about a week. However, there 
were also patients with irreversible leukoencephalopathy in the 
literature (10). 

Since the mechanism of action is not fully understood, 
clinicians should be aware of this rare complication in order to 
make the appropriate therapeutic decisions.
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Dear editor,
An 84-year-old female patient presented with memory 

impairment. Her son reported that she had delayed recall and 
progressive decline in cognitive functions more than expected 
with ageing. However, she did not fulfill the criteria of clinically 
probable Alzheimer disease. Mental tests revealed delayed recall 
and mildly impaired near-memory. The patient had a history 
of diabetes mellitus, hypertension and coronary artery disease. 
Stents were placed in her coronary arteries 4 years ago. Medical 
history and examination of the patient revealed that the onset 
of memory impairment was approximately one year before and 
deteriorated thereafter. Patient was recently unable to recognize 
the neighborhood she lived in, but her daily living activities were 
mostly preserved. The mini-mental state exam score was 15/30. 
She had no other remarkable neuropsychological findings. Cranial 
magnetic resonance imaging study revealed a non-enhancing 
calcified mass lesion with a diameter of 2.5 cm that seemed to 
originate from the internal table of the left temporal basal calvarium. 
There were no signs of hydrocephalus or unproportionate cerebral 
cortical atrophy. Uncus and parahippocampal gyrus on the left side 
were pushed medially (Figure 1). Computerized tomography scan 
confirmed an osteoma of the osseous density of 28x22 mm that 
merged with the internal table (Figure 2). Plain radiographs of the 
skull in antero-posterior and lateral positions also discerned the 
osseous lesion (Figure 3). 

Neuroimaging findings are important for clinical evaluation of 
dementia. Collecting and integrating structural neuroradiological 
findings may confirm neurodegenerative disease symptoms 
(1). Combining different modalities in imaging can provide 

complementary information that further details underlying 
structural brain changes. This is of crucial importance to elucidate 
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Figure 1. Lateral radiograph of the skull: an ossific nodule, well-
circumscribed 3x5 cm sized lesion within the left temporal bone
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emerging functional brain impairments and thereby enabling a 
superior diagnosis. 
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Figure 2. Computed tomography imaging revealed a homogeneously 
solid calcification in the left temporal area

Figure 3. The FLAIR MRI sequence showed an area of signal loss in the 
left temporal lobe
MRI: Magnetic resonance imaging, FLAIR: Fluid-attenuated inversion 
recovery 
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Dear editor,
An 87-year-old male presented to the emergency department 

with right arm numbness, inability to speak, blank staring, and 
suddenly started aimless arm/leg movements. Symptoms lasted 
for 45 minutes. He had diagnoses of hypertension, diabetes 
mellitus, atrial fibrillation and coronary artery disease for a for 
about ten years. His medication included rivaroxaban, irbesartan, 
pitavastatin, metoprolol, furosemid, gliclazide, and insulin lispro. 
Neurological examination was found to be normal at admission. 
Diffusion-weighted imaging (DWI, b=1000) performed with the 
pre-diagnosis of transient ischemic attack (TIA) was interpreted 
normal (Figure 1A).

The patient suddenly became right hemiplegic and dysarthric 
in the emergency room. The blood glucose level was measured 
43 mg/dl. In the second DWI performed during this episode, a 
clinically relevant 0.43 cm2 lesion characterized by diffusion 
restriction [apparent diffusion coefficient (ADC): 0.35.10-3 mm2/
sec, left to right ratio: 0.44] was detected in the posterior limb of 
the left internal capsule (Figure 1B).

The initial DWI, obtained 3.5 hours ago when the patient 
was asymptomatic, was reevaluated and a punctual (0.06 cm2) 
lesion with mild ADC decrease (ADC: 0.55.10-3 mm2/sec, left 
to right ratio: 0.65) could be discerned in the same region. With 

meticulous normalization of blood glucose, clinical improvement 
was dramatic and the DWI lesion resolved rapidly (Figure 1C, D, 
E). 

Presence of diffusion imaging just before the hypoglycemia 
episode, occurrence of a repeated episode in the emergency 
room, and prompt reimaging make this case unique in terms of 
documenting the temporal course of hypoglycemic lesions.

The pathophysiology of rapidly reversible DWI lesions, that 
have been clearly documented herein, has not been fully elucidated. 
The diffusion restriction seen in short episodes of hypoglycemia 
is not caused by ischemia or epileptic activity. Regional energy 
deficiency, sodium/potassium pump dysfunction, excitotoxic 
oligodendrocyte and myelin sheath swelling and local alkalosis 
may be involved (1,2,3).

The absence of axon damage is the reason for the rapid 
resolution. Prioritizing areas where axon bundles are concentrated, 
such as the posterior limb of internal capsule, may also be associated 
with excitotoxic myelin edema (1,3,4).

The clinical significance of hypoglycemia is that these episodes 
may be misdiagnosed as TIA or acute stroke. This may lead to 
undertreatment of hypoglycemia and ultimately in permanent 
cerebral damage. The way to prevent this is to become familiar 
with the imaging characteristics associated with hypoglycemia.
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Figure 1. Serial diffusion-weighted imaging obtained with b values 0, 500, and 1000 sec/mm2 of the patient (top row: Isotropic diffusion images; 
bottom row: Apparent diffusion coefficient (ADC) maps). The numbers on the bottom of the ADC images demonstrate the ADC values in the posterior 
limb of the right and left internal capsules (PLIC) and the affected area of the left PLIC
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Dear editor,
Patients with neurological critical illness are followed up in 

neurological intensive care units (NICU) for both their primary 
critical illness and accompanying comorbidities and complications. 
In the United States, NICUs are managed by specialists called 
“neurointensivists”. Neurointensivists earn their title after 
specializing in neurology and neurosurgery (1). In Turkey, the 
meaning of the concept of neurointensivist has not been clearly 
defined. Specialists in neurology receive the title of intensive care 
specialist after subspecialty training.

Our survey study was created for specialists in neurology who 
have started intensive care subspecialty training and/or completed 
intensive care subspecialty training. A web-based questionnaire 
was used as the data collection tool. This survey consisted of 
questions including the neurology and intensive care education 
processes of the participants, the type of intensive care unit (ICU) 
they wanted to work in, and their views on the ICU. 

There are 29 neurology specialists in Turkey who have started 
and/or completed intensive care subspecialty training, and all 
of these specialists completed the survey. Of the neurologists, 
12 reported that they completed the intensive care subspecialty 
training, 12 continued their intensive care subspecialty training, 
and 5 left the subspecialty training process. It was determined that 
58.6% (17/29) of them received neurology intensive care (NIC) 
training (1-20 months) during the neurology residency training 
process. Twelve (70.6%) of 17 participants who received NIC 
training stated that the NIC training they received contributed 

to their selection of an intensive care subspecialty. When rotations 
other than mandatory rotations during intensive care subspecialty 
training were evaluated, 23 participants received training in the 
NICU (1-24 months), 26 participants in the anesthesiology and 
reanimation ICU (1-24 months), 23 participants in the internal 
medicine ICU (1-12 months), 25 participants in the chest diseases 
ICU (1-10 months), and 23 participants in the general surgery 
ICU (1-18 months). Of the participants 86.2% (25/29) answered 
the question “Which ICU would you like to work in after the 
intensive care subspecialty training?” as “NICU”. However, it 
was observed that none of the 12 neurology-based intensive care 
specialists could work in the NICU. Of the participants 79.3% 
stated that neurological and neurosurgical ICUs should be 
combined, and 75.9% of them stated that they could work in these 
combined ICUs.

Intensive care began to develop in the middle of the 20th century 
with the emergence of new technologies for mechanical ventilation. 
In the following period, ICUs specialized in internal medicine, 
surgery, trauma, neurology, neurosurgery, burns and coronary heart 
diseases were established. NICUs were established in universities 
for academic purposes and became widespread. The Neurocritical 
Care Association was established in the United States in 2003. 
The adoption of the NIC subspecialty by the United Council 
for Neurologic Subspecialties in 2005 constituted an important 
milestone (2). A similar development process took place in Turkey, 
and the first NICU was opened in 1976 within the Ege University 
Faculty of Medicine, Department of Neurology. Subsequently, 
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NICUs were opened in many training hospitals in our country. 
In 2000, the Turkish Neurological Society Neurological Intensive 
Care Scientific Working Group was established (1).

The Neurocritical Care Association recommends level-based 
classification of NICUs. Level I NICU is stated as an ICU for 
patients with complicated catastrophic neurological diseases; 
level II NICU is stated as an ICU that ensures the stabilization of 
patients and the safe management of stable neurological intensive 
care processes; and level III NICU is stated as an ICU that provides 
the evaluation of patients with neurological emergencies and the 
transfer of patients to level I or II ICUs after initial management 
(3). In Turkey, level I ICU generally corresponds to a tertiary 
level ICU and level III ICU corresponds to a primary level ICU. 
In Turkey, NICUs are managed by specialists in neurology as a 
requirement of Neurology Expert Board in Medicine Curriculum 
Formation and Standard Determination System (TUKMOS) 
training. Secondary NICUs should continue to be managed by 
neurologists. However, we are of the opinion that tertiary NICUs, 
where neurosurgery and neurology patients are followed up, 
should be managed by neurology-based intensive care specialists. 
In the United States, neurosurgical and neurological ICUs were 
combined in some academic centers in the 1980s. In these units, 
patients with neurological critical diseases, except for postoperative 
neurosurgery patients, are treated. Neurological critical diseases 
include traumatic brain injury, neurovascular diseases, status 
epilepticus, neuromuscular diseases and neuro-oncological diseases 
(1). In our study, 79% of the participants stated that neurological 
and neurosurgical ICUs should be combined, and 76% stated that 
they could work in these combined ICUs. As far as we know, there 
are no combined neurological and neurosurgical ICUs in Turkey. 
We think that neurologists who have completed intensive care 
training, including traumatic brain injury and postoperative care, 
can manage combined ICUs.

In our study, 86% of 29 neurology specialists who started and/
or completed intensive care subspecialty training stated that they 

wanted to work in a NICU. Studies have shown that by providing 
neurocritical care services in NICUs neurointensivists can improve 
clinical outcomes in patients with neurocritical disease (4,5). 
However, in our study, it was observed that none of the 12 NIC 
specialists could work in a NICU. According to the data of the 
PRINCE study, neurointensivists care for only one-fifth of the 
patients in NICUs (5). Neurointensivists need to manage NICUs 
in order to improve patient outcomes, both in the world and in 
Turkey.
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